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CEPHALIN. 


VII. THE GLYCEROPHOSPHORIC ACljD OF CEPHALIN. 

By P. a. LEVENE and IDA P ROLF. 

(From the Ldboratones of The Rockefeller Institute for Medical Research ) 

(Received for publication, August 2, 1919 ) 

The generally accepted structural formula of cephalin is as 
follows: 

HjC-O-COCitHsi 


HC-0-C0C„H.8 

I 

H2C-0-P = 0 

/\ 

OH 0 - CH 2 CH 2 NH 2 

This conception presumes the existence of glycerophosphoric acid 
in the molecule of cephalin. Thudichum,^ who discovered cepha- 
lin, also was the first to make this assumption. Every other 
worker who followed Thudichum made similar assumptions. 
Parnas^ was the first to call attention to the lack of evidence m 
favor of the theory, though admitting the possibility of its cor- 
rectness. MacLean in his monograph on “Lecithin and allied 
substances” presents a very lucid summary of the weak points 
of the theory. 

The mam objection to the conclusions of the older writers 
lies m the fact that the material employed by them was not a 
pure cephalin but a mixtuie of this substance with lecithin. 

In recent j^ears, Fiankel and Dimitz® claimed to have identified 
glycerophosphoiic acid as a component of cephalin. Unfortu- 
nately the evidence presented by these investigators is not con- 

^ Thudichum, J L W , The chemical congtitution of the bi am, London, 
1884 

® Parnas, J , BiocJiem Z , 1909, xxu, 411 

® Fi ankel, S . and Dimitz, L , Biochem Z , 1909, xxi, 337. 
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vincing since they have failed to substantiate their claim with 
satisfactory analytical data. The analytical data are limited to 
one element; namely, barium. 

Regardless of the meager proof of the nature of their 
substance, Frankel and Dimitz have laid claim to a second very 
important discovery; namely, that the glyeerophosphonc acid 
derived from cephalin was the optical isomer of the correspondmg 
substance occurring in lecithm 

Willstatter and Ludecke^ found that the glycerophosphoric acid 
obtained from lecithin was optically active and levorotary. 
The substance obtained by Frankel and Dimitz was dextrorotary, 
and hence followed the claim that it was isomeric to the substance 
described by WiUstktter and Liidecke. 

The presence of glycerophosphoric acid in the cephalin molecule 
seemed a ’pnmi quite probable in the light of facts discovered m 
recent years. Simultaneously, Foster® and Levene and West® 
have shown that glycerol is present in cephalin in the quantity 
required by the generally accepted theory. 

Furthermore, it was found that the basic part of cephalin is 
ammo ethyl alcohol, and that in this base the alcoholic group 
only is substituted, the p,mino group remaining free. 

Theoretically there are only two alternative ways m which 
glycerol may be attached to the phosphoric acid, either directly 
(forming glycerophosphoiic acid) or indirectly. If the linking 
were indirect, then the glycerol would be attached to the ami- 
noethanol. If that were so, then the ammo group could not be 
free m the molecule of cephalin. Thus the presence of glyoero- 
phosphoric acid in cephalia could have been accepted even be- 
fore the substance was actually isolated, although for the final 
proof, the isolation of the substance would have been desirable. 
On the other hand, without isolating the substance there was no 
way to reach a decision as to which of the possible isomers of 
glycerophosphoric acid is the one present in the molecule of 
cephahn. True, the optical rotation of hydrolecithm and of 
hydrocephahn is practicallj’' identical in direction and magni- 
tude. Levene and West^ have pointed out that this fact may be 

* Willstatter, R , and Ltidecke, K , Ber chem Ges , 190-1:, xxxvii, 3753 

® Foster, M L , Biol Chem , 1915, xx, 403 

® Levene, P. A , and West, G J , / Biol Chem , 1916, xxiv, 50 

^ Levene, P A , and West, C J , J Biol Chem , 1918, xxxv, 287 
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interpreted to signify that the glycerophosphonc acids in the two 
substances are identical. This conclusion contradicts the theory 
of Frankel and Dimitz. Hence it became necessary to choose 
between the two views, and, m order to make the choice intel- 
ligently, an effort was made to isolate the glycerophosphonc 
acid of the eephalin molecule. 

Glycerophosphonc A cid from Lecithin. 

The present communication contains a report on the prepara- 
tion of glycerophosphonc acid from both cephahn and lecithin. 
The latter was prepared for the following reasons First, Will- 
statter and Ludecke^ stated that the magnitude of the optical 
rotation of the glycerophosphonc acid from lecithin differed 
depending on the mode of preparation. Second, the directions 
for the preparation of the substances given by these authors are 
so meager that any one repeating the work could have no assur- 
ance that he was following exactly the conditions of Willstatter 
and Liidecke. Under such circumstances if the glycerophosphoric 
acid prepared by us from eephalin wa's found different from the 
one of Willstatter and Ludecke, the difference could have been 
ascribed not to the inherent properties of the substance, but to 
the manner of its preparation. 

The glycerophosphoric acid obtained by us from lecithin 
resembled the one obtained by Willstatter and Ludecke, in respect 
to the direction of its rotation. It was levorotary. However, 
the magnitude of the rotation of our substance was lower than 
the maximum rotation found by the eailier workers. The dif- 
ferences are probably due to differences in handling, since all 
the samples were partially racemized. 

The maximum rotation found by us was [ 0 ;]“== —0.74, by the 
other writers Wd = —1.71 

In a general way the crude substance was prepared in the 
manner indicated by Willstatter and Ludecke. However, for 
purification it was found convenient to convert the barium salt 
into the lead salt, to purify the lead salt, and then to reconvert 
this into the barium salt. 

As a rule, the hydrolysis was brought about at room tempera- 
ture; however, for the sake of comparison one experiment was 
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peiformed bj’’ boiling the hydrolysis mixture. This variation in 
the condition of hydrolysis remained without influence on the 
1 otatory power of the resulting substance. 

Hydrolysis of Cephalin. 

After the most favorable conditions of hydrolysis of lecithin 
had been established, they were applied to the hydrolysis 
of, cephalin The result was practically identical. The glycero- 
phosphoric acid obtained from cephahn, purified through con- 
version of the crude barium salt into the lead salt with subsequent 
reconversion of the latter into the barium salt, possessed the 
optical rotation of the same magnitude as the acid from lecithin, 
namely, [ck]” = — 0.69- 

In this respect the result obtamed by us is new. It establishes 
the fact that glycerophosphoric acid enters into the structure 
of cephalin, and further that the acid is identical with that 
present in lecithin However, it is worthy of note that while 
the crude barium glycerophosphate obtamed from lecithin always 
showed a levorotation, though of a comparatively low magnitude, 
the barium glycerophosphatefrom cephahn showed dextrorotation. 
The magnitude of this rotation was progressively descending on 
purification of the substance. All the dextrorotary samples were 
found to contain nitrogen, and the purification of the substance 
which led to the fall of the dextrorotation also led to the diminu- 
tion in the nitrogen content. It is piobable, therefore, that the 
claim of Frankel and Dimitz to the discovery of a dextrorotary 
glycerophosphoric acid from cephahn was an erior brought 
about by the fact that the substance analyzed by them was a 
mixture of glyceiophosphonc acid with some product of inter- 
mediary hydrolysis 

EXPERIMENTAL. 

Baiium Glycerophosphoric Acid from Lecithin. 

Hydrolysis at Low Temperature. 

7^ gm of lecithin were obtamed by the decomposition with 
'um carbonate of lecithin, cadmium chloride containing 
'''-mino nitrogen. This material was ground under 
y(iniform emulsion was obtamed, and then shaken 
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for 6 hours at room temperature with 1 liter of a saturated 
aqueous solution of barium hydroxide (the equivalent of 2| 
mols of Ba(OH) 2 ). After standing for 3 hours, the mixture was 
filtered and the excess of banum contained in the filtrate removed 
quantitatively with sulfuric acid. The resulting filtrate was 
concentrated to a small bulk under diminished pressure, and the 
barium salt precipitated by pouring the thin syrup into several 
volumes of absolute alcohol. After one purification by dissolving 
m a small quantity of water, filtering through bone-black, and 
reprecipitating with alcohol, the yield of this material was 
7.5 gm. 

The barium salt obtained in this way was’ subjected to two 
more purifications by solution in water and precipitation by 
alcohol. Finally it was twice dissolved in a minimum amount 
of water and allowed to stand until it separated as a mass of 
heavy granules and non-crystalline scales. These were filteJed 
with suction, washed with alcohol, and dried under diminished 
pressure. Obtained in this manner, the salt, when dry, is a light 
tan, granular material, which dissolves in water giving a clear 
yellow solution. Though very soluble in cold water it is not 
hygroscopic, on warming the cold solution a fine amorphous 
powder is precipitated which does not dissolve completely as 
the solution is cooled. It is insoluble in alcohol, ether, and 
acetone. All rotations were made in 20 per cent aqueous solution 
A sample (No. 23) had the following composition. It contained 
no nitrogen. 

0.1018 gm. of substance dried under diminished pressure at the tempera- 
ture of zylene vapor gave on combustion 0 0472 gm. of CO 2 , 0.0248 gm. of 
H 2 O, and 0 0712 gm. of ash. 

0 2000 gm of substance containing 7 36 per cent moisture gave 0 0666 mg 
of Mg2P207 

0 1000 gm of substance containing 7 36 per cent moisture gave 0 0668 mg. 
of BaS 04 



Calculated for 

Found 


CaHTOtPBa 

No 23 


percent 

percent 

c 

11 71 

12 64 

H . . . 

2 29 

2 72 

P. . 

* 10 10 

10 02 

Ba 

44 68 

42 43 
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The rotation of the substance was as follows. 



- 0 075 X 100 
1 X 18.42 


-0.41, 


As our investigation progressed, we found that the method 
of reprecipitation described above was not effective for the com- 
plete purification of the salts, as shown by their continued reten- 
tion of nitrogen, and the process described below was applied 
to all our later products. 

2 gm. of substance (No. 23) were dissolved in water. A 25 
per cent aqueous solution of neutral lead acetate was added until 
precipitation was complete; the precipitate was filtered and 
thoroughly washed with water, alcohol, and ether. The lead 
salt thus isolated was suspended in water, and hydrogen sulfide 
passed through until the decomposition was complete. The lead 
sulfide was removed by filtration and the filtrate concentrated 
under diminished pressure to a small volume and made slightly 
alkaline to litmus with barium hydroxide . From the concentrated 
solution the barium salt was precipitated by adding several 
volumes of 95 per cent alcohol.' The yield of this preparation, 
No. 63, was 1.5 gm. 

When rapidly precipitated by alcohol, the barium salt separates 
in white amorphous flakes, which dry to a gleaming white powder. 
The color reported jn the foregoing experiment is apparently 
due to an impurity as all samples obtained analytically pure 
were white when dry, and very readily soluble in water, giving 
colorless, water-clear solutions. If the salt after filtration is not 
dried either by washing with alcohol and ether oi by rapid desic- 
cation, the amorphous flakes undergo an apparent fusion and 
dry to a mass of colorless granules and scales This granular 
form can also be obtained by precipitating the salt from a very 
concentrated aqueous solution by a gradual addition of alcohol. 

0 101 gm of substance dried under diminished pressure at temperature 
of xylene vapor gave on combustion 0 0438 gm of COi, 0 0194 gm of HjO, 
and 0 0742 gm of ash 

0.2786 gm of substanpe containing 9 11 per cent water gave 0 0912 gm 
of Mg2P207. 




P. A. Levene and I. P. Rolf 



Calculated for 

Found 


C8H70«PBa 

No 63 


per cent 

per cent 

c . 

11 71 

11.84 

H , . 

2 29 

2 15 

P 

10 10 

10 00 

Ba 

44 68 

44 03 


The rotation of No. 63 is 


[“ 1 ! 


-on X 100 

1 X 18 82 


-0 58. 


Both granular and flocculent forms after air-drying contain 
water of crystallization, the value of which is not constant, though 
in general it approaches If mols of HaO. The nature of the 
substance, however, does not permit one to attribute too much 
importance to this value . After preliminary drying under dimin- 
ished pressure over sulfuric acid at room temp^irature, the loss 
of water on complete drying was more constant, corresponding 
to CsHvOePBa HaO. 

After air-drying, on desiccation over sulfuric acid under dimin- 
ished pressure at the temperature of xylene vapor, 0 1108 gm. 
of No. 63 lost 0.0098 gm. of HaO. 

Calculated for Found 
CiHTOtFBa 1 jHiO. No 63 
per cent per cent 

HaO 9 30 8.84 

The substance was dried for 24 to 48 hours under dimmished 
pressure over sulfuric acid at room temperature. On further dry- 
ing to constant weight at the temperature of xylene vapor, 0.1100 
gm. of No. 56 lost 0.0060 gm. of HzO and 0.1092 gm. of No. 57 
lost 0 0058 gm. of HaO. 

Calculated for Found 

CaHTOsPBaHeO No. 66 ^ No 6f. 

per ceTrf per cent ‘ per cent 

HjO 6 53 5 45 5 31 


In order to be certain of the source of the glycerophosphoric 
acid, lecithin cadmium chloride was isolated from egg oil by the 
method recommended by Levene and West® for the preparation 
of pure lecithin. The ammo content of this material was negligi- 
ble. From its cadmium salt the lecithin was isolated by treat- 
ment with (NH 4 ) 2 C 03 m boiling 85 per cent alcoholic solution. 


® Levene, P. A , and West, C. J , J Biol. Chem , 1918, xxxiv, 175. 
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75 gm. of this product were hydrolyzed with 1 liter of barium 
hydroxide solution, and the barium salt was isolated in the same 
manner as No. 23. 8 gm. of crude material were obtained from 
which the material most insoluble in alcohol was separated by 
repeated solution in water and fractional precipitation with small 
volumes of alcohol. After eighteen such reprecipitations, a sub- 
stance (No. 55) of the following composition and analysis was 
obtained. It contained no mtrogen 

0 200 gm of substance containing 5 03 per cent moisture gave 0 0706 gm 
of MgaPsO? 

0 100 gm of substance containing 5 03 per cent moisture gave 0 0690 gm. 
of BaSOx. 





Calculated for 

Found 




CsHrOePBa 

No 55 




'per cent 

per cent 

N ... 

* 

• « • • • 

0 00 

0 00 

P 



10 10 

10 36 

Ba 



44 68 

42 75 




- 0 12 X 100 
1X1889 


-0 63. 


That a longer period of hydrolysis would give a better yield 
and not affect the rotation adversely seemed probable, and was 
proved by hydrolyzing 100 gm of lecithin for 16 hours with 1,350 
cc. of a saturated barium hydroxide solution. When isolated 
by the method described for No 23 the yield of the crude material 
was 35 gm. (90 per cent of the theory). After three precipitations 
from alcohol this material (No. 56) had the following composition, 

0.200 gm of substance containing 5 45 per cent moisture gave 0 0572 gm 
of MgaPsOy 

0 100 gm of substance containing 5 45 per cent moisture gave 0 0664 gm 
of BaSOxt. 

0 200 gm of substance containing 5 45 per cent moisture used for 
Kjeldahl nitrogen determination required 0 26 cc. of 0 1 n HCl. 


Calculated for 

Found. 

CsHTOtPBa 

No 56. 

per cent 

per cent 

0 00 

0 18 

10 10 

8 43 

44 68 

41 33 


No. 56 was then further purified by precipitating the lead 
salt and decomposing this by the directions given above. The 
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resulting substance (No. 57) had the following composition and 
rotation. It contained no nitrogen. 

0 200 gm. of substance containing 5 31 per cent moisture gave 0 0704 gm 
of Mg 2 P 207 

0.100 gm of substance containing 5 31 per cent moisture gave 0 0680 gm 
of BaS04 



Calculated for 

Found 


C3H;OisFBa 

No 57 


■per cent 

per cent 

N 

0 00 

0 00 

P . . 

10 10 

10 38 

Ba 

44 68 

42 26 


W 


SO 

D 


-009X100 
1 X 19 36 


-0 46. 


A second purification through the lead salt resulted in No. 60, 
whose rotation was 


M” 


-014X100 
1 X 18 92 


-0 74 


A third purification by this method gave no further change 
in the rotation. 

The final analysis after an additional precipitation with alcohol 
follows. 


0.1026 gm. of substance dried in vacuo at temperature of xylene vapor 
gave on combustion 0 0482 gm of CO 2 , 0 0248 gm of H 2 O, and 0.0774 gm 
of ash. 

0.200 gm of substance containing 7.06 per cent moisture gave 0 0696 gm. 
of Mg 2 P 20 r 



Calculated for 

Found 


CaHyOoPBa 

No 78. 


per cent 

per cent 

C .. . . 

. . 11 71 

12 81 

H 

2 29 

2 70 

P 

10 10 

10 43 

Ba . 

44 68 

44 87 


Hydrolysis at Higher Temperature. 

97 gm. of lecithin cadmium chloride were dissolved in 250 cc. 
of boiling 50 per cent alcohol and this solution was added to one 
containing 103 gm. (3| mols) of barium hydroxide in 1 liter 
of hot water. After 1 hour of gentle boiling the mixture was 
cooled and filtered. The excess of barium hydroxide was removed 
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from the filtrate by quantitative precipitation with sulfuric acid, 
and the filtered solution concentrated in vacuum to small bulk. 
The addition of an equal volume of 95 per cent alcohol precipitated 
the salt of glycerophosphoric acid, but the barium chloride formed 
in the course of the hydrolysis remained in solution. Thorough 
washing with 50 per cent alcohol removed' all traces of chlorides 
from the filtered barium glycerophosphoric acid. After two pre- 
liminary precipitations by alcohol, the salt was converted into 
the lead salt, decomposed, and again reprecipitated as the barium 
salt by the directions given above. 

The specific rotation of this substance was 




-0 03X 100 
1 X 18 89 


-016 


A second purification by conversion into the lead salt raised 
this rotation as follows 


h;- 


-012X100 

1X1889 


-063 


On analysis 0 102 gm (No 69), dried under diminished pressure over 
sulfuric acid at temperature of xylene vapor, gave on combustion 0.0234 
gm of H 2 O, 0 0449 gm of CO 2 , and 0 0724 gm of ash 

0 300 gm. (No 69), containing 7 77 per cent moisture, gave 0 1021 gm 


of Mg 2 P 207 

Calculated for 

Found. 


OiHrOjPBa 

No 68 


par cent 

per cent 

G 

11 71 

12 00 

H 

2 29 

2 56 

P 

10 10 

10 28 

Ba 

44 68 

41 19 


Banmn Glycerophosphortc Acid from Cephalin. 

Preparation of Cephalin. 

Thiee samples of cephalin were used as the source of the glycero- 
phosphoric salts described below. All were obtained from ox 
brains by six extractions with ether containing 5 per cent water. 
This material, after evaporation of the ether, was precipitated 
with acetone and the fats and saturated phosphatides were 
removed from the precipitate by repeatedly dissolving in ether, 
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removing all material insoluble in ether at 0°, and reprecipitating 
by pouring into acetone. From the mixture of lecithin and 
cephalin thus obtained, the cephalin was separated by precipi- 
tating the ethereal solution with alcohol. The first sample of 
cephalin was purified by repeated precipitation by alcohol from 
ethereal solution and finally three precipitations from a solution 
in gasoline (B. P. 50-60°). The analysis of this material (No. 44) 
is given below 

The second sample, after three precipitations from an ethereal 
solution by alcohol, was shaken with water until a uniform 
emulsion was obtained. From this the cephalin was precipitated 
by dilute hydrochloric acid, separated by centrifuging, and thor- 
oughly washed with acetone Further purification was effected 
by repeatedly dissolving either in ether (saturated with water 
at room temperature) or in gasoline (B P. 50-60°) and precipi- 
tating with alcohol. This material (No. 58) had the composition 
indicated below. 

The third sample was prepared in the following manner. The 
crude cephahn was exhaustively extracted with alcohol at room 
temperature and then repeatedly reprecipitated by alcohol from 
ether or gasoline solution, until its amino content was that indi- 
cated in the analysis (No. 135) recorded below. Following this 
the material was emulsified with water, precipitated by hydro- 
chloric acid, and the precipitate washed with alcohol. 


No. 44 

0.5 gm was dissolved in 5 cc. of glacial acetic acid 
2 cc. of this solution for Kjeldahl determination required 340 cc of 0 1 n 
HC l =* 0 00468 gm of N. 

2 cc of this solution for Van Slyke determination gave 8 55 cc of N at 
= 26“C and P = 757 1 mm ; N = 0 00476 gm. 


Ratio 


NHjN 
Total N 


1 

1 


No 58. 

2 gm of cephalin were hydrolyzed with HGl, neutralized, and concen- 
trated to 23 cc 

3 cc. of this solution required for Kjeldahl determination 0 90 cc of 
0.1 N HCl = 0 00126 gm. of N 

2 cc. of this solution by Van Slyke determination gave 0.91 cc of N at 
T° = 24" and P = 755.9 mm , N = 0 000505 gm. 
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Ratio 


NHsN 
Total N 


1 


No 135. 

0 2 gm "was dissolved in 10 ce. of glacial acetic acid 

5 cc of this solution for ICjeldahl determination required 1 27 cc of 
0 1 N HCl = 0 001778 gm. of N 

1 cc of this solution for Van Slyke determination gave 0 65 ce of N at 
T“ = 30“ and P = 759 2mm ; N = 0 003505 gm 


Ratio 


NHoN 
Total N 


1 

1 


Hydrolysis of Cephalin. 

75 gm. of cephalin (No. 44) were hydrolyzed by shaking for 
9 hours at room temperature with a liter of saturated barium 
hydroxide solution. The directions given for No . 23 were followed 
in working up the resulting mixture On pouring the concentrated 
aqueous solution into alcohol a colloidal solution formed which 
was precipitated by the addition of a few cc of an aqueous solution 
of barium acetate . After thirteen repreoipitations by alcohol from 
its aqueous solution, this mateiial (No. 51) had the following 
composition and rotation. 

0,200 gm of substance containing 5 67 per cent moisture gave 0 0556 gm 
of MgiPiOr. 

0 100 gm of substance containing 5 67 per cent moisture gave 0 0662 gm 
of BaS 04 

0 200 gm of substance used for Kjeldahl determination required 1 12 cc. 
of 0 1 N HCl 



Calculated for 

Found 


CaHiOsPBa 

No 51 


per cent 

per cent 

N 

0 00 

0 83 

P 

10 10 

8 21 

Ba 

44 68 

41 28 


W 


SO 


+ 015X 100 
1 X 18.88 “ 


+ 0 80 


No. 61 five times reprecipitated by alcohol still retained 
nitrogen. 

0 200 gm. of substance (No 53) containing 9.28 per cent moisture 
required for Kjeldahl determination 0.77 cc of 0 1 n HCl 
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N . 


Calculated for Pound 
CaHvOsPBa No S3 

per cent per cent 

0 00 0 59 


Its rotation was 


+Q08X 100 
1X18 20 


+ 0 44. 


Ten additional reprecipitations by alcohol gave a substance 
(No. 59) of the following composition and rotation. 


0 200 gm of substance containing 9 07 per cent moisture gave 0 0566 gin 
of MgsPaO? 

0 100 gm of substance containing 9 07 pei cent moisture gave 0 0644 gm 
of BaSO^ 

0 200 gm of substance containing 9 07 per cent moisture used for 
Kjeldahl determination required 0 57 cc of 0 1 n HCl 




Calculated for 

Found 



CaHiOtPBa 

No 59 



percent 

per cent 

N 

, 

0 00 

0 40 

P 


10 10 

8 67 

Ba 


44 68 

41 68 


+ 0 04 X 100 
1 X 18 19 


+ 0.22 


All these salts agreed in property and appearance with the salts 
derived from the hydrolysis of lecithin by the same sort of purifi- 
cation. They all retamed a distinctly yellow color which could 
not be wholly removed by bone-blackmg the aqueous solution 
All specimens were very soluble in water and rotations were made 
on 20 per cent aqueous solutions. 

The mother liquors from the purifications of No. 51 and its 
derivatives were concentrated m vacuum to a small bulk and pre- 
cipitated with alcohol. The bulky precipitate was filtered and 
again dissolved in water. To this was added a 25 per cent aqueous 
solution of neutral lead acetate, and on standing lead glycero- 
phosphoric acid settled out. This salt was filtered, suspended 
in water, and decomposed by hydrogen sulfide The precipitated 
lead sulfide was filtered and the filtrate concentrated to a small 
bulk The barium salt of glycerophosphoric acid was again 
isolated by adding baiium hydroxide until slightly alkaline to 
litmus and precipitating with several volumes of alcohol. This 



14 


CephaKn. VII 


material was a glistening white, amorphous powder, identical in 
all characteristics with No. 63 obtained in an analogous manner 
from lecithin. Its composition and rotation were as follows. It 
contained no nitrogen. 


0 1594 gm of substance containing 6 56 per cent moisture gave 0 0548 gm 
•of MgaPsO?. 

0 103 gm of substance containing 5.56 per cent moisture gave 0 0752 gm 
of BaSOi 



Calculated for 

Pound 


OjHTOePBa 

No 84 


per cent 

percent 

p 

. . . 10 10 

10 14 

Ba . . . 

44 68 

45 48 


-013X100 
1 X 18.97 


-0 69 


Another hydrolysis of cephalin was made on 76 gm. of cephahn 
(No. 58) which were shaken for 16 hours at room temperature 
with 2| mols of barium hydroxide. The barium glycerophos- 
phoric acid was isolated by the method used in the previous 
expel irhents, and after a prekmmary precipitation with alcohol, 
was purified by conversion to the lead salt, and repreeipitation 
as the barium salt, according to the directions given under the 
foregoing experunent. After two additional precipitations by 
alcohol from its aqueous solution, the yield of this material (No. 
68) was 5 gm. and its composition and rotation were the following, 

0 101 gm. of substance dried under diminished pressure over sulfuric acid 
at temperature of xylene vapor yielded on combustion 0 0520 gm of CO*, 
0 0218 gm of H 2 O, and 0 0684 gm of ash 

0 200 gm of substance containing 7 84 per cent moisture gaveO 0626 gm 


of MgaPaO? 

Calculated for 

Pound 


CsUvOsPHa 

No 68 


per cent 

per cent 

C, . 

11 77 

14 04 

H. 

i 29 

2 41 

p 

10 10 

9 92 

Ba 

U 68 

39 12 


r ISO -0.9X100 
Wd 


1X1840 



P. A. Levene and I. P. Rolf 


15 


A second purification through the lead salt and one reprecipi- 
tation from alcohol gave a substance (No. 77) of the following 
composition and rotation. 


0 099 gm of substance dried under diminished pressure over sulfuric 
acid in xylene bath gave on combustion 0 0484 gm of Mg2C02, 0 0222 gm 
of H 2 O, and 0 0692 gm, of ash 

'0 SOO gm of substance containing 9 00 per cent moisture gave 0.0956 


of Mg 2 P 207 

Calculated foi 

Found 


CjHiOsPBa 

No 77 


per cent 

per cent 

C 

11 71 

13 33 

H 

2 29 

2 50 

P. 

10 10 

9 76 

Ba 

44 68 

41 36 


[“K = 


-012X 100 

1 X 18 00 


-0 67 


A thu'd hydrolysis of cephalin was earned out in the same 
way on 50 gm. of cephalin (No. 135) and the purification of this 
material was exactly like that giving rise to No 77 . The analysis 
and rotation of this material were as follows. . 


0 1011 gm of substance dried under diminished pressure over sulfuric 
acid in xylene bath, gave on combustion 0 044 gm. of CO 2 , 0 0216 gm of 
H 2 O, and 0 0724 gm of ash 

0 200 gm. of substance containing 8 80 per cent moisture gave 0 0648 gm. 


•of Mg 2 P 207 

Calculated for 

Found 


CsHvOuPBa 

No 145 


per cent 

per cent 

C. 

11 71 

11 86 

H 

2 29 

2 40 

p. . . 

10 10 

9 89 

Ba 

44 68 

43 88 


K = 


- 0.13 X 100 
1 X 20 05 


-0 65 


Like the barium glycerophosphates obtamed from lecithin, 
these salts, after air-drying, contained variable amounts of water 
of crystalhzation approaching If mols, while after desiccation 
under dimimshed pressure for about 24 hours at room temperature, 
a more constant content of water was retained, corresponding 
to C3H706PBa II 2 O. 
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On complete desiccation over H2SO4 under diminished pressure 
at the temperature of zylene vapor, the following results were 
obtained. 

0 1256 gm of No 59, previously air-dned, lost 0 0114 gm. of H 2 O. 

0.1088 “ “ “ 77, “ “ “ 0 0098 “ “ HjO 

0 1104 “ “ “ 78, “ “ “ 0 0093 “ “ H 2 O. 

Calculated for Found 

CsHTOsPBa IfHaO No 69 No 77 No 78 
per cent per cent per cent per cent 

H 2 O 9 30 9 07 9 00 9 29 

The substance dried at room temperature under diminished 
pressure lost on drying to constant weight at the temperature 
of xylene vapor as follows: 

0 1164 gm. of No. 51 lost 0 0066 gm of H 2 O 

0.1116 “ “ “ 64 “ 0 0062 “ « H 2 O. 

Calculated for Found 

CjHrOePBa HjO No. 61. No 64 
per cent per cent per cent 

5 63 5 67 5 66 


HaO . ... 



COMPARATIVE METABOLISM OF CERTAIN AROMATIC 

ACIDS. 


III. FATE OF P-NITROPHENYLACETIC ACID IN THE ORGANISM 
OF FOWL, DOG, AND MAN. 

By GAEL P SHERWIN and MAX HELFAND. 

{From the Laboratory of Fordham University Medical School, New York City,) 

(Received for publication, August 26, 1919 ) 

Many organic substances have been fed to animals to deter- 
mine the process by which the animal body will dispose of them. 
If non-toxic, they may be wholly or at least m part oxidized and 
utihzed for heat production. If toxic, such compounds must be 
detoxicated and eliminated as rapidly as possible. In the latter 
case we are able to study with a certain degree of precision what 
might be called the non-specific defense mechamsm of the body. 

We have already studied the method employed by the body 
when certain putrefactive compounds derived from phenylalanine 
and tyrosine are detoxicated and eliminated in the urine. Oxi- 
dation and reduction play a large part m this process of detoxica- 
tion, hilt often a point is reached where j0-oxidation of the side 
* chain is no longer possible, and in this case conjugation seems to 
be the method most often employed by the animal body Thus 
benzoic acid no longer subject to oxidation in the organism is 
coupled with glycocoll and eliminated m the urine as hippuric 
acid. Again, phenjdacetic acid, which results from the action of 
bacteria on phenylalamne, cannot be oxidized by the tissues but 
is detoxicated by combimng it with one of the .shorter amino- 
acids In this case the formation of the phenylacetic acid in the 
body of man and the lower annuals seems to be the same type of 
reaction, but the process of detoxication is apparently more com- 
plicated in the annnal than that takmg place in the human body. 

After feeding phenylacetic acid to animals such as dogs (1), 
rabbits (2), and monkeys (3), the acid appears m the urine com- 
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bined \vith glycocoll, as phenaceturic acid; when ingested by 
human beings (4), phenylacetic acid is excreted in the urine in 
combmation with glutamine, as phenylacetylglutamine. It has 
also been shown (5) that there is a difference in the processes of 
detoxication employed by man and anmials after the feeding of 
p-hydroxybenzoic acid and p-hydroxyphenylacetic acid. 

In the literature, one finds httle concerning the metabohsm of 
mtro compounds and particularly aromatic mtro derivatives. 
Sieber and Smumow (6) fed large doses of p-nitrobenzaldehyde to 
a dog and recovered small amounts of p-mtrohippuric acid urea 
from the dog’s urine. Cohn (7) fed p-mtrobenzaldehyde to rab- 
bits and isolated from their urme a compound made up of p-mtro- 
benzoic acid and p-acetylaminobenzoic acid. Jaffe (8) fed “large 
amounts” (30 gm.) of p-nitrotoluene to a dog. He recovered 
some of the substance unchanged from the feces, some from the 
urine as p-nitrobenzoic acid, but most of it he found was elimi- 
nated m the urine as p-nitrohippuric acid urea. Bertagnini (9) 
ingested small quantities of nitrobenzoic acid at frequent inter- 
vals, thus ingesting in all 80 gm. during a period of several days 
He was unable to prove the presence of either mtrobenzoic or 
nitiohippuric acid m the mine, but extracted fropa the urine an 
oily substance which gave nitrobenzoic acid and glycocoll on 
hydrolysis. 

As there seemed to be no definite infoimation m the literature 
regarding the fate of either the mtrobenzoic acids or mtrophenyl- 
acetic acids in the human body we decided to undertake some 
feeding experiments which eventually included not only man but 
the dog and fowl also The compound used in these experiments 
was in each case p-nitrophenylacetic acid. 

As oxidation of the side chain of phenylacetic acid seems impos- 
* sible for either the animal or human body, there were seveial 
changes which this compound might undergo when ingested by 
a person. It seemed most probable that the mtro group should 
remain untouched and that a combmation with glutamine or 
glycocoll should be formed, and perhaps urea should also be added 
to the p-mtrophenylacetylglutamme or p-mtrophenacetuiic acid 
thus formed. On the othei hand, a reduction of the mtro group 
was not impossible with a secondary acetylation of the ammo 
group. 
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In the case of the dog it seemed most in’obable that p-nitro- 
phenaceturic acid or j^-nitrophenaceturic acid urea would be 
formed and eliminated in the unne. 

The fowl seems to furnish, m most eases, large quantities of 
ornithine for the detoxication of foreign substances instead of 
glycoeoU. Thus after feeding benzoic acid to chickens Jaffe (10) 
isolated from the urine a substance composed of 1 mol of orni- 
thine and 2 mols of benzoic acid which he called ormthuric acid, 
Totani (11) after feeding phenylaeetic acid to hens recovered a 
substance from the urine which he termed phenacetornithuric 
acid, and which was analogous to the compound isolated by Jaffe 
as it consisted of 2 mols of phenylaeetic acid and 1 mol of orni- 
thine. 

Fate of p-Nitrophenylacetic Acid zn the Human Organism, 

The subject was a student of 70 kilos body weight and appar- 
ently in the best of health. The acid, being insoluble in water, 
could not be taken in the form of solution nor in capsules on 
account of bulk. A dose of 5 gm. of acid in crystalline form was 
accurately weighed out, taken into the mouth, and washed down 
with copious quantities of water The acid possesses a very dis- 
agreeable taste not unlike pepper, with an after taste not unlike 
that of the copper salts 

The urine was collected for 48 hours after each dose of the acid, 
each collection was carefully neutralized with sodium carbonate 
as soon as voided, then the entire amount slowly evaporated on a 
water bath at low temperatm'e. The mine when evaporated to a 
thick syrup was cooled below room temperature and acidified 
with H3PO4 until it showed an acid reaction with Congo red 
This concentrated urme was placed in a continuous extracting 
apparatus and extracted for 5 hour periods -with ether The 
different ether extracts were placed in the ice box for a number 
of days to allow the formation of crysstals As no crystals 
appeared, the ether extracts were evaporated somewhat each day, 
then placed on ice over night Dming this time no crystals 
appeared, so all the ether extracts were umted and allowed to 
evaporate slowly at room temperature. As dryness was reached, 
only a yellow oil appealed and no crystalline substance. This 
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oily residue was dissolved in hot water, boiled with charcoal, 
filtered, and then allowed to cool After a short time long yellow 
needles appeared in the solution and later the solution took on 
the form of a crystallme mass. The eiystals were removed by 
suction and recrystallized several times from hot water. Dried 
at 80° they melted at 150-151.5.° The melting point as well as 
the crystalline form showed the substance to be p-nitrophenyl- 
acetic acid which had been ehminated in the urine unchanged. 

AnaZ?/sis.— 0.1533 gm. of the substance required 8 60 cc of 0.1 n sul- 
furic acid (Kjeldahl) 

Calculated for 
Cs Ht N O4 Found 

per cmt per cent 

N. . 7 74 7 84 

Only p-mtrophenylacetic acid crystaUized out of the water solu- 
tion of the ether extract, so it was evaporated to a small volume 
and repeatedly extracted with ether to remove the last traces 
of p-mtrophenylacetic acid. Enough concentrated sulfunc acid 
was added to this water solution to produce a 30 per cent acid 
solution and the solution boiled under a reflux condenser for 
several hours. The acid solution was cooled and repeatedly 
extracted with ether to remove any p-nitrophenylacetic acid 
which might he present. The ether extracts were united, evapo- 
rated to dryness, and the residue dissolved in hot water. No 
trace of p-nitrophenylacetic acid appeared at any stage in this 
extract so it seemed that no compound of p-nitrophenylacetic 
acid had been extracted from the urine by the ether. 

It seemed reasonable to expect a compou:^d of p-nitrophenyl- 
acetie acid with either glycocoU or glutamine so the evaporated 
urine was again extracted repeatedly with alcohol. As p-nitro- 
phenaceturic acid is quite insoluble in cold alcohol this substance 
should have crystalhzed out of the alcohol if present, but no crys- 
tals appeared. The alcoholic tracts were umted and evaporated, 
but only large amounts of urea and some hippuric acid crystals 
appeared. The alcoholic extract was evaporated to dryness and 
dissolved in hot vrater, and the water solution acidified with 
sulfuric acid and boiled under a reflux condenser for several 
hours. This acid solution was cooled and extracted with ether 
but again no p-nitrophenylacetic acid was found. It appeared 
that no compound of p-mtrophenylaeetic acid had been extracted 
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from the unne by the alcohol. The urine was further extracted 
with ethyl acetate and lastly wdth benzene following the same 
method as employed in the alcohol extraction, but no trace of 
the acid could be found. As a last resort a part of the evaporated 
urine was diluted with enough water to bring it into solution 
and strongly acidified with sulfuric acid. After boiling this for 
several hours it was cooled and extracted with ether to deter- 
mine the amount of p-nitrophenylacetic acid which might have 
been split off from any compound existing in the urine. Again 
none of the acid appeared, so there certainly could have been no 
compound in the urine containing p-nitrophenylacetic acid. 

After two 5 gm. doses of the acid had been ingested, a total 
of 6.87 gm. (68.70 per cent) of p-nitrophenylacetic acid was 
lecovered from the urine as the uncombined acid. 

It seems peculiar that this acid should be found free in the 
urine. While perhaps less toxic than phenylacetic acid, still 
some symptoms of intoxication such as nausea, headache, and 
diarrhea were experienced by the subject. It is certainly more 
irritating to the mucous membranes than benzoic acid, and 
benzoic acid taken in corresponding doses is almost quantita- 
tively converted into hippuric acid. 

Fate of p-N%trophenylaceUc Ac^d in the Organism of the Dog. 

A dog of 32.70 kilos body weight was fed three doses of p-nitro- 
phenylacetic acid The acid crystals were pulverized and packed 
into large gelatin capsules. The capsules were inserted into 
large chunks of cooked meat which were thrown to the dog and 
swallowed without mastication. The first dose of the acid con- 
sisted of 5 gm.; a second dose of 6 gm. was fed 1 week later, 
followed by a third dose of 7 gm. 2 days later 

The dog was kept in a large metabolism cage and the urine 
collected for 48 hours after each dose of the acid. The different 
portions of urine collected during this time were united and 
evaporated to a thick syrup, acidified with H2SO4, and extracted 
with ether for several hours in a continuous extracting apparatus. 
All portions of the ether used in this extraction were united and 
the ether was distilled off The residue was dissolved in cold 
absolute ether, filtered, and the filtrate allowed to evaporate at 
room temperature. As no crystals appeared until the point of 
dryness was reached, the residue was redissolved m hot water, 
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boiled with charcoal, and allowed to stand in the ice box for 24 
hours. Long yellow needles appeared in the solution and finally 
became almost a sohd mass. The crystals were removed by 
suction and recrystaUized from hot water. Dried at 80-90°, the 
crystals melted at 150-151.5°. The melting point as well as the 
characteristic solubility and crystalline structure of the sub- 
stance showed it to be p-nitrophenylacetic acid which had been 
excreted in the mine unchanged After a dose of 5 gm,, 1.53 gm 
of the acid were recovered from the urine while, after a dose of 
5 gm. followed after 48 hours by a dose of 7 gm , 5.32 gm. of the 
p-nitrophenylacetic acid were isolated from the dog’s urine. 

The evaporated urine was removed fiom the ether-extracting 
apparatus and placed in a large separatory funnel. It was then 
extracted several times with large volumes of hot alcohol The 
alcoholic extracts were united and slowly evaporated to dryness. 
The residue was dissolved in hot water, boiled with charcoal, 
and filtered. The filtrate was slowly evaporated by stages until 
crystals appeared on coolmg. This substance which seemed quite 
insoluble m water was thus easily separated from urea, hippuric 
acid, and other alcohol-soluble urinary constituents. Recrys- 
tallized from hot water, the substance formed extremely long 
hair-like needles. When dry, the substance melted at 172-173°. 
The melting point, as well as the solubility and crystalline form 
of the substance, showed it to be identical with the p-nitro- 
phenaceturic acid prepared synthetically by Hotter (12). 

0 2761 gm of substance required 11 45 cc of 0.1 n NaOH for neutral- 
ization 

Calculated for GioHioNaOa. required 11.60 cc of 0 1 N NaOH. 

2 gm of the substance were boiled for 2 hours with 30 per cent 
HCl, cooled, and the acid solution was extracted several times 
with ether The ether extracts were evaporated to dryness and 
the residue was dissolved m hot watei and boiled with chai coal 
After filtering, the filtrate was allowed to stand for some houis 
and crystals of p-nitrophenylacetic acid appeared. These 
crystals when dried melted at 150-151°. The amount of p-nitro- 
phenaceturic acid isolated from the urine after a 5 gm. dose of 
p-mtrophenylacetic acid was 0 757 gm , while after a dose of 5 
gm. followed by 7 gm of the acid, 2 873 gm of p-nitiophen- 
aceturic acid were recovered. 
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The fate of p-nitrophenylacetic acid in the organism of the 
dog is similar to that of its homologue p-mtrobenzoic acid. 

The p-nitrotoluene fed to dogs (8) was first converted into 
2 ?-nitrobenzoic acid, followed by a secondary reaction m which 
most of this substance was converted into p-mtrohippuric acid 
urea. The greater part of the p-nitrophenylacetic acid was 
excreted in the urine uncombined while a part of it was conjugated 
with glycocoll and excreted as p-nitrophenacetunc acid. None 
of the latter compound, however, was found in combination with 
urea. After feeding 5 gm. of the p-nitrophenylacetic acid, 1.53 
gm. (30.60 per cent) were excreted in the urine unchanged, while 
only 0 757 gm. (15.14 per cent) was excreted as the glycocoll 
compound. Thus a total of only 2 287 gm. (45.64 per cent) of 
the substance were recovered from the urine After feeding 5 
gm. followed by 7 gm of the substance, 5 32 gm (44.35 per cent) 
were isolated from the urine as the free acid and 2.873 gm. were 
obtained from the urine as the glycocoll compound (p-nitro- 
phenaceturic acid). Therefore after a total of 12 gm had been 
fed, 61.47 per cent of the substance was recovered 

Fate of p-Nttrophenylacetic Acid in the Organism of the Fowl. 

For this work a hen of 2.18 kilos body weight was selected. 
The acid was administered by means of a funnel and soft rubber 
tube. In this case a solution of the sodium salt was used and 
washed down with large quantities of water. ‘ The dose m each 
case amounted to 1 gm. of the acid The substance proved 
quite toxic, as the hen refused to eat for some days after the first 
dose and showed marked signs of depression. The hen was kept 
in a metabolism cage and all excreta saved for 48 hours after 
each dose. The excreta, which were always very hard and dry, 
were stirred into a paste after the addition of sufficient amounts 
of water. To this mass dilute sulfuric acid was added until the 
reaction was strongly acid to Congo led. It was then immedi- 
ately extracted with ethyl acetate alcohol (10 : 1) mixture m a con- 
tinuous extracting apparatus The first and second extracts were 
evaporated to one-fifth the original volume in vacuo at 40°, then 
placed on ice for 48 hours This process was repeated until the 
extracts became very concentrated but no crystals appeared. 
After complete evaporation, there remained a black tar-like mass. 
This substance seemed to be entirely insoluble m cold water but 
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slightly soluble in hot water On cooling the hot water solution, 
it became a milky emulsion and under the microscope was found 
to contain fine droplets of an oil-like substance held in suspension. 
On cooling to room temperature the liquid became clear with a light 
yellow, oily deposit on the sides of the receptacle There appeared 
to be two different substances present, one an oil-like substance 
and a second black gum-like substance which was unaffected by 
water. The water was poured off and both substances were 
dried at 40°. The mixture was extracted for 12 hours with ether 
in a continuous extracting apparatus. Most of the black gummy 
substance remamed in the extracting apparatus but changed in 
color to a dull gray. The yellow substance dissolved easily in 
ether. The ether extract was filtered and allowed to evaporate 
at room temperature, leaving a yellow crystalhne deposit. This 
crystalline mass was dissolved m hot water and slowly» cooled. 
Long yellow crystals appeared in the water solution. The crystals 
were removed and dried at 80°. The melting pomt was between 
149-160°, so the substance was apparently p-nitrophenylacetic 
acid. 

0 2018 gm of the substance required 11 10 oc. of 0 1 N sulfuric acid 
(Kjeldahl) 

Caloiilatedfor <> 

Cs Ht N 0« Found. 

per cent per cent 

N 7 74 7.70 

The residue from the ether extract was dissolved in warm alcohol 
and allowed to cool; as no crystals appeared, ether was added until 
the solution became turbid The flask was tightly stoppered and 
placed m the ice box for 24 hours. A fine deposit of microscopic 
crystals was found on the bottom of the flask so these were filtered 
off and more ether was added. By repeating this process, enough 
of the material was gathered for further work. This substance 
appeared to be insoluble in water but easily soluble in alkaline 
solutions. The substance was dissolved in barium hydroxide 
and the excess of barium removed by passing CO 2 through the 
solution and filtering off the barium carbonate. The filtrate con- 
-taining the barium salt of the substance was evaporated by stages 
to one-third its origmal volume. After standing in* the ice box 
for several days, large leaf-hke crystals appeared on the surface 
of the liquid and formed a solid crust. The potassium and sodium 
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salts of the acid were formed from the barium salt by adding a 
solution of sodimn and potassium sulfate to the solution of the 
barium salt These salts were found to be too hydroscopic for 
analysis. The water solutions of all the salts formed were found 
to be dextrorotatory. 

To prepare the pure substance a solution of the barium salt was 
acidified with H 2 SO 4 and extracted with alcohol. The alcohol 
solution was concentrated and a few drops of ether were added 
until the solution became turbid. After standing for several days 
in the ice box, short, thick, irregular needles appeared in the solu- 
d;ion.‘ These were recrystallized from an alcohol ether mixture 
and dried vacuo. The dried substance melted at 184-185°. 

The analysis gave the following results. 

0 1321 gm. of the substance gave 0 2662 gm. of CO* and 0 0576 gm. 
,of HiO. 

0 2371 gm of the substance required 20 80 cc of 0.1 n sulfuric acid 
.(Kjeldahl) 

Calculated for C*i H22 N4 Oa C = 54:.99 per cent, H = 4 84 per cent, 
N = 12,22 per cent 

Found O »= 64 95 per cent, H = 4 99 per cent, and N = 12 30 per cent. 

0 1191 gm of the substance required 2.70 cc of 0 1 n sodium hydroxide 
.for neutralization Calculated for G21 H22 N* Os. 2.60 cc of 0.1 N NaOH 
were required 

A weighed amount of the substance was boded for 3 hours with 
,a 30 per cent solution of HCl, cooled, and extracted with ether. 
'The ether extracts were evaporated to dryness and the residue 
recrystalhzed from hot water. The resulting yellow crystals 
when dried melted at 148.5-150°. 

0 1007 gm of the substance required 5 45 cc of 0 1 N sulfuric acid 
(Kjeldahl) 

Calculated for Cs H? NO4 N = 7 74 per cent 

Found N = 7.58 per cent 

This substance was p-nitrophenylacetic acid. The acid solution 
remaining after the ether extraction was evaporated in vacuo to 
drive off the excess of HCl. The residue was dissolved m a small 
amount of water and made alkalme with sodium carbonate. To 
this alkahne’ solution benzoyl chloride was added in small amoimts 
at frequent intervals. During the entire period the solution was 
kept alkalme. shaken vigoiously after each addition of benzoyl 
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chloride, and cooled as often as necessary After 45 minutes the 
solution was removed from the separatory funnel and acidified 
with HCl. The acidified solution was extracted several times with 
ether to remove all benzoic acid formed. After standing for some 
time a mass of leaf-hke crystals appeared. These crystals were 
washed chlorine-free and dissolved in warm alcohol. By coohng 
the solution leaf-hke crystals of ornithuric acid appeared. The 
substance was pure ornithuric acid as was shown by the meltmg 
point of 184-185° and by the following analysis. 

0 1262 gm. of the substance required 7 55 cc of 0 1 N sulfuric acid 
(K]eldahl). 

0 1136 gm of the substance gave 0 2801 gm of CO 2 and 0 0624 gm of H 2 O. 

Calculated for G 19 H 20 N 2 O^* C = 67 02 per cent, H = 5 92 per cent, and 
N = 8 23 per cent 

Found C = 67 23 per cent, H = 6 13 per cent, and N = 8 37 per cent. 

This compound was identical with the ornithuric acid prepared 
by Jaffe (13), thus proving ornithme as the other constituent 
of the compound isolated from the excreta of the hen. 

This compound must consist of 1 mol of ormthine and2molsof 
p-nitrophenylacetic acid and therefore has the foUowmg formula. . 
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The combination of p-mtrophenylacetic acid with ornithine 
is quite in line with the results obtained by other investigators in 
experiments where fowls were used. In this case as in the experi- 
ments perfonned on the human bemg and on the dog no reduction 
or alteration of the nitro group was found in any case, as was 
reported by Cohn (7) after feeding rabbits p-nitrobenzaldehyde. 

CONCLUSION. 

1. p-Nitrophenylacetic acid was mgested by a man in 5 gm. 
doses. 68.70 per cent of the acid was recovered from the urine 
in an uncombined state. No compound of the acid was found in 
the urine. 

2. p-Nitrophenylacetic acid was fed to a dog in 5 and 7 gm. 
doses. 61.47 per cent of the acid was isolated from the urine. 
Of this amount 44.35 per cent was in the uncombined state while 
17.12 per cent was combined with glycocoUand excreted as p-nitro- 
phenaceturic acid. 

3. p-Nitrophenylacetic acid was fed to a hen in 1 gm doses. 
Some of the acid was excreted uncombmed but the greater portion 
was conjugated with ornithine, and excreted as p-nitrophenacet- 
ornithimc acid. This acid which had not been previously pre- 
pared was isolated, analyzed, and its structure determined. The 
barium, potassium, and sodium salts of the compound were 
prepared and found to be dextrorotatory. 
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INTEODTJCTION. 

With the exception of Milroy’s^ work, no systematic attempt 
has been made, as far as the writer has been able to ascertain, to 
follow chemically the changes in alkaline reserve during the 
period immediately following hemorrhage. Since the Van Slyke^ 
method has been devised, such a study has been greatly facih- 
tated. Not only can more extensive data be obtained by the use 
of this method, due to its simplicity, but also the results so ob- 
tained have greater sigriificance due to the fact that changes can 
be detected too small to influence the hydrogen ion concentration 
which Milroy determined. 

The hemorrhages which Milroy^ studied with cats and dogs 
were large (approximately one-third the total volume of blood). 
In aU cases he found a distinct rise in the hydrogen ion concen- 
tration of the plasma, determined by the gas chain method; ^.e., 
a loss of reserve alkali. This change was most apparent in the 
cases in which the plasma was subjected to high concentrations 
of CO 2 . Samples of blood drawn at intervals of 15 and 45 minutes 
after hemorrhage showed these distinct changes in reaction. 
Milroy concluded that there must have been rapid compensatory 
passage of the tissue fluids into the circulation, the fluid which 
first entered the circulation being extremely poor in reserve 
alkali. The greatest increase in hydrogen ion concentration was 
found after the 15 minute interval. 

* The work described in this article forms part of a thesis submitted 111 
partial fulfilment of the requirements for the degree of Doctor of Philos- 
ophy in the University of Wisconsin 

* Milroy, T H , 7 Physiol , 1917, li, 259 

- Van Slyke, D D , J Biol Chem , 1917, xxx, 347. 
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Since hemorrhage uneomphcated by other conditions such as 
shock and anesthesia is raiely encountered chmcally many studies 
of these conditions are closely mterwoven. Cannon and his co- 
woikers® have studied chmcally many cases of primal y and second- 
ary wound shock, hemorrhage, etc., with and without othei 
complications, m a casualty clearing station near the front line 
trenches in Prance In the uncomplicated hemorrhage cases, an 
examination of the blood disclosed loweied alkaline reserve. In 
cases of acidosis and low blood pressure due to shock, hemorrhage, 
or infection with the gas bacillus, the pulse was rapid, but did 
not vary with the degree of acidosis As the acidosis became 
moie extreme, the respiratory rate mcreased, fatal cases showing 
true “ail hunger” before death As regards the relative reduction 
in alkaline reserve by the conditions of shock, hemorrhage, and 
infection with gas bacillus. Cannon’s figures indicate the prob- 
abihty that uneomphcated hemorrhage is not followed by so 
great a reduction of alkaline reserve as is shock and infection 
with gas bacillus when the blood pressures are equally reduced 
Penfield^ observed that acidosis developed gradually when the 
blood pressm’es of etherized dogs were brought to a low level by 
progressive hemorrhage, about 100 per cent of the total blood 
volume (calculated as 5 per cent of body weight) being removed 
After varying lengths of time, the pressure was raised by infusion 
of different solutions. With one exception, death occurred only 
in those anmials whose alkahne reserve wels low. 

Morriss® studied the effect of ether anesthesia on the alkaline 
reseive, usmg Van Slyke’s method He found a reduction in the 
reserve alkah in every case, but tins reduction was not dependent 
upon the dm-ation of ether anesthesia or upon the extent of the 
operation. He also found that the alkahne reserve might de- 
crease notably when the patient lost relatively httle blood, and 
on the other hand, might not change greatly when conspicuous 
hemorihage occurred. He concluded that a notable drop might 
occur in the carbon dioxide-combining power of the plasma dur- 
ing the first half hour of anesthesia. 

3 Cannon, W B , Frasei, J , and Hooper, A N , J A7n Med Assn , 
1918, Ixx, 526 Cannon, W B , tbid , 531 

^ Penfield, W G , Am J Physiol , 1919, xlviu, 121 
® Morriss, W H , / Am Med Assn , 1917, Ixviu, 1391 
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The Reaction Regulator Mechanism. 

Dependent upon the proper hydrogen ion concentration of the 
l)lood are such vital processes as the control of the respiratory 
and vasomotor centers, enzyme action, the swelling of colloids, 
and cellular oxidation. Fortunately the orgamsm has a protec- 
tive mechamsm which guards against the acids which are con- 
stantly fotmed in the animal organism by the normal metabolism 
of its tissue and the foods ingested This mechanism may be 
regarded as consisting of several factors; first, the function of the 
buffer salts, second, the abihty of the organism to excrete the 
w'eak acids* (carbonic and phosphoric acids) set free by stronger 
acids; and third, the abihty of the orgamsm to produce ammonia 
at the expense of urea. 

Van Slyke’s method for the determmation of alkaline reserve 
IS based upon the prmciple that the power of the organism to 
protect itself against the encroachment of acids is proportional 
to the bicarbonate content of the arterial blood. In actual prac- 
tice Van Slyke analyzes the plasma obtained from centrifugation 
of venous blood and repoits the “alkaline reserve” in terms of 
volumes per cent of carbon dioxide chemically bound by 100 cc. 
of plasma. The possibility that HCl may pass from plasma to 
cells or vice versa, dependmg on the CO 2 tension, makes the pre- 
caution necessary that the blood should always be at definite 
CO 2 tension when centrifuged, as well as when analyzed. Van 
Slyke® and Austin and Jonas® carefully studied the effect on 
alkahne reserve of variations in the technique used in collecting 
the blood, and preparing the plasma for analysis. 

The immediate cause and opportunity for this investigation 
were furnished by the plant for making serum to be used in 
vaecmation against hog cholera, which is operated in connection 
with the College of Agriculture of the Umversity of Wisconsin. 
In this plant large numbers of pigs are hyperimmunized against 
hog cholera The animals are subsequently bled, the blood is 
defibrinized, and the serum used coimnercially. In this process, 
a certain routine, found by experience to be satisfactory and 
economical, has been estabhshed Approximately 10 days after 
the annuals have been hyperimmunized they are subjected to 

6 Austin, J H , and Jonas, L , Am J Med Sc , 1917, cliii, SI 
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tail bleeding, if they have not lost m weight. After an interval 
of 7 days the pig is subjected to a second tail bleeding if it has 
not lost in weight, and after 7 more days the pig is slaughtered. 

EXPERIMENTAL. 

In preliminary experiments, the blood was treated by what 
wUl hereafter be referred to in this paper as the “open vessel 
method” or Method I The blood was allowed to flow directly 
from the tail mto a small open Erlenmeyer flask which contained 
sufficient potassium oxalate to prevent clotting. Under the con- 
ditions of the experiment, the blood spurted rapidly fiom the 
artery directly into the flask, and so came into minimum contact 
with the tissues. No needle or other apparatus was required 
in collecting the sample. The flask was then rotated once or 
twice to insure the oxalate being dissolved in the blood, and was 
then carried to the laboratory for centrifugation with as little 
agitation as possible. The interval between collection and 
centrifugation was approximately | hour. 

StandardizaUon of Methods. 

In order to discover the effect of this treatment on the alkaline 
reserve value, the following experiments were performed. Ani- 
mals were kept at the laboratory in cages, and samples of blood 
were collected and treated under different conditions. In the 
first instance a stream of blood was allowed to spurt directly from 
the tail artery into a paraffined Erlenmeyer flask containing a 
small amount of potassium oxalate. The blood was centrifuged 
and the plasma analyzed by means of Van Slyke’s technique. 

This “open vessel method,” when the blood was centrifuged 
and the plasma analyzed unmediately, was very nearly compar- 
able with Van Slyke’s routine technique when he used a McRae 
needle for collection. By the open vessel method, it is true, the 
blood necessarily falls twice for a short distance through the air. 
This fact would seem to double the possibility for loss of carbon 
dioxide. So much less agitation was necessary, however, to* 
insure thorough mixing of the oxalate with the blood in a recep- 
tacle like an Erlenmeyer flask that it seemed preferable to make 
the collections in such a flask rather than in a centrifuge tube. 
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This was particularly true in cases where the blood clotted rapidly, 
as after repeated hemorrhage. Because of the necessity, when 
woiking with a pig, of taking the blood samples from a cut tail, 
it was impossible to collect samples by Van Slyke’s paraffin oil 
method; ^.e., without loss of some carbon dioxide. 

Open Vessel Method — Bloods collected by the open vessel method in the 
presence of sufficient potassium oxalate to prevent clotting were treated 
as follows 

I-a-1 — ^The blood was poured directly into centrifuge tubes, centrifuged, 
and the plasma analyzed at once (Curve I, Fig 1) 

I-a-2 — ^The blood was centrifuged as described under I-o-X. The clear 
plasma was pipetted into a paraffined weighing bottle, preserved in a 
refrigerator for 48 hours, and was then analyzed (Curve II, Fig 1) 

I~b — The blood was allowed to remain in the Erlenmeyer flask in which 
it was collected for ^ hour It was then centrifuged and the plasma ana- 
lyzed immediately (Curve III, Fig. 1) 

I-c — ^The technique was the same as 1-6, the time before centrifugation 
being extended to 2 hours (Curve IV, Fig 1) 

In the second instance an effort was made to approximate Van 
Slyke’s paraffin oil method by allowmg the blood to flow directly 
from the tail artery mto a paraffined separatory funnel which had 
been previously filled with alveolar air. This technique was 
called the “separatory funnel method” or Method II. Duplicate 
collections of the blood analyzed by the open vessel method were 
made by the sepaiatory funnel method and the samples so ob- 
tained were treated in various manners, Smce the separatory 
funnel method was more laborious, and the results obtained were 
not duphcated so easily, tins method proved to have no advantage 
over Method I, and was consequently abandoned For the sake 
of brevity, the analyses by this method aie not reported here. 

Table I gives the results of the preliminary analyses In all 
cases the figm-es represent the volumes per cent of CO 2 obtained 
from 1 cc. of plasma, and are the average of closely agreeing 
duplicates After the first three series, all collections were made 
in paraffined vessels. 

All the samples reported m the same vertical column of Table I 
were taken from the same ammal, one sample immediately fol- 
lowing another, and were then treated in the vaiious manners 
described The blood for the first five series of determinations 
was obtained from a female, for the second four series from a male. 
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Each weighed approximately 200 pounds. The extreme vari- 
ations in the alkaline reserve values of the blood from the same 
animal on different days wiU be discussed m detail later. 

The column headed “average diffetence” was computed as 
follows. The first method of determination (the open vessel 
method, centrifuged and analyzed immediately) was arbitrarily 
selected as the standard. If subsequent determinations were 
lower, the diJBference was indicated by a negative sign, and if 


TABLE I 

Effect of Various Methods on Alkaline Reserve Values, 


Method 

Alkaline reser've of blood 
from Pig 1 
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higher, by a positive sign. It*will be seen that the average faU 
in alkahne reserve after intervals of | and 2 hours respectively 
is almost identical, and the maximum variation in the entire 
seiies between these two values is 3.2 volumes per cent. 

The results obtained by the open vessel method are expressed 
graphically in Fig. 1. The alkaline reserv’^e values are plotted 
on the vertical axis, and values in the same senes (that is on the 
bloods collected at the same time, but subjected to different 
techniques) are given the same position on the horizontal axis. 
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Consequently, consistent results among the different techniques 
should yield parallel hnes. That the hnes to a certain extent 
approximate the parallel is an indication not only that the results 
can, within limits, be duplicated, but also that the time element 
is not an all-important factor. In other words, samples analyzed 
f hour or 2 hours after collection may not give identical values 
with the same samples analyzed immediately, but at least, cor- 
responding time intervals yield samples that are, within limits, 
comparable. There is not exti’eme variation between short 
intervals, as, for mstance, the | and 2 hour intervals. 



Fig 1 Open vessel method Illustrates the effect of different prelimi- 
nary treatment on the alkaline reserve values of the same bloods. Alkaline 
reserve values are plotted on the ordinates and values obtained from the 
same collections, but analyzed by various techniques, aie given the same 
position on the abscissae The general parallelism of the lines indicates 
that the results can be duplicated and that the various treatments yield 
consistent results. » 


Another attempt was made to ^nd a technique which would 
be comparable with Van Slyke’s method in which there was no 
loss of CO 2 during collection. Austin and Jonas® found that 
when they brought the whole blood into equihbrium with alveolar 
air immediately before centrifugation, their results were slightly 
higher than results obtained by Van Slyke’s method, but were 
consistent with them. Since the details of Austin and Jonas’ 
procedure could not be found, the foUowmg procedure was adopted. 
This technique^dl subsequently be referred to as the “alveolar 
ail* method” or Method III. 
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The blood was allowed to flow' directly from the tail blood 
vessels into a parafiined separatory funnel of 300 cc. capacity, 
into which sufficient potassium oxalate had been introduced to 
prevent clotting. The funnel was then turned upside down once 
or twice to msure the oxalate being mixed with the blood. Just 
before the blood was centiifuged, alveolar air was blown into the 
funnel, and the funnel was then rotated end over end at the rate 
of one complete i evolution per second for 60 seconds Alveolar 
air was again blown into the funnel, and the process was repeated. 
In all, thiee such aspirations were made. Theoretically, if the 
composition of the alveolar air m the funnel were 6 per cent COs, 
then, during the three aspirations, 54 cc of CO 2 , measured at 
the same temperature and pressure, would have been introduced. 
The average difference (as will be shown later) between simultane- 
ous determmations by Methods I and III is approximately 10 
volumes per cent, or 0.10 cc. of CO 2 for every 1.0 cc. of plasma. 
It is not known how much CO 2 is absorbed by the corpuscles 
under these conditions. Furthermore, a hquid and a gas are in 
equilibrium not when their percentage compositions are the same 
but when their partial pressures are equal, i e., when the pressure 
of the gas on the liquid is equal to the tendency of the gas to leave 
the surface of the hquid Since the actual mass of CO 2 absorbed 
by the blood from the alveolar air was such a small proportion 
of the mass of CO 2 actually introduced, and since the alveolar 
air was introduced m three separate portions, and each time was 
allowed to come into intimate diffusion relations with the blood, 
it seemed highly piobable that the blood had absorbed as much 
CO 2 as it could be made to hold under these conditions, and that 
this technique was comparable to that of Austm and Jonas in 
which they brought the blood mto eqmhbrmm with alveolai air 
before centrifuging The whole blood was then drawn off from 
the separatory funnel mto a centiifuge tube under paraffin oil 
and was centrifuged under a layer of the oil. A great many 
determinations of alkalme reseive were made from samples of 
blood which were simultaneously collected, centrifuged, and 
analyzed, one sample being treated in the manner described for 
Method I and another in the manner described for Method III. 
In Tables II, III, and IV and Figs. 2 to 8 will be found the 
records of the determmations so made. In soiae cases (Figs 2, 
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3, and 4, and Table II) a definite effort was made to ascertam the 
effect on the alkalme reserve values of allowing the blood to 
stand varying lengths of time before being centrifuged. The 
object of this experiment was to standardize the methods which 
might be used in subsequent experiments. In this work it was 
not the absolute alkalme reserve values of the blood as it existed 


TABLE II 

Effect of Time befoie Ceninfiigation on Alkaline Reserm\.n,lueshy Various 

Methods \ 


Animal No 

Time after col- 
lection before 
centrifuga- 
tion 

Alkaline reserve 

Temperature 

’ Remarks 

Method I 

Method III 
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See Fig 2. 
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26 2 

' 39 7 
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25 9 





195 

26 7 

j 25 9 




in the animal body which were sought, but the relative values 
before and after hemorrhage. 

It was noticed early in the work that fauly constant rhff Firp.Tip.pis 
existed between the values obtamed by Methods I and III for 
different sets of samples collected and analyzed under the same 
conditions. For mstance, on one day, the aveiage difference of 
six sets of samples analyzed by Methods I and III was 4 9, the 
maximum variation from this average figure being ±1.6. On 
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another day, the average difference between the two methods 
run on the same number of samples was 8 2, the maximum vari- 
ation from this figure being 1.9. Tigs. 2 to 8 show that curves 
representing values obtained by the two methods for the most 
part run fairly parallel, each curve tending to afford evidence of 
the comparative accuracy of the data represented by the other. 
Furthermore, the curves plotted from data obtained by Method I 
are noticeably more regular, and hence are subject to fewer minor 
variations, than those plotted from data obtained by Method III. 
The degree of accuracy with which separate collections and centri- 
fugations of samples could be duphcated by the two methods is 
indicated by the first series of data in Table II. An average of 



Fig 2. On Curves I and III are plotted the alkaline reserve values ob- 
tained from samples collected at the same time, but allowed to stand defi- 
nite periods of time before being centrifuged. Curve I represents values 
obtained by the open vessel method; Curve III, by the alveolar air method. 
Duphcate collections as well as duplicate analyses were made in each case, 
and average figures used. Temperature 32“C. 

these duphcates was used m plotting Fig. 2 Although, as wiU 
be explained presently, Method III more nearly approaches an 
accurate picture of the true alkaline reserve values, results ob- 
tained hy Method I are more easily duplicated, and apparently 
bear a more or less definite relation to the alkahne reserve values 
of the blood as it esdsts in the animal body. 

A partial explanation for the variatibn in the relative values 
obtamed by the two methods was found in the variation in temper- 
ature at the time when the samples were centrifuged. It hap- 
pened that the data expressed in Fig 2 were obtained on a summer 
day when the temperature was 32°C. The time in minutes after 
the samples were collected before they were oentrifuged and 
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analyzed (or preserved m paraffined weighing bottles in an ice box) 
is plotted on the horizontal axis, the alkaline reserve values being 
plotted on the vertical axis. Although these data are very meager, 
they would seem to indicate that there was a small, though appre- 
ciable loss of CO 2 from the samples, even after the hour period, 
a point which was not illustrated in Fig. 1. To test further this 
possibility, two similar experiments were run, when the tempera- 
ture was somewhat lower (Figs. 3 and 4). These results tend to 
uphold the conclusion that after the mitial loss in CO 2 by a blood 
sample, which occurs during the first | hour after the blood is 
drawn, there is very little subsequent loss during the following 2 



Fig. 3, Curve I represents alkaline reserve values obtained by the open 
vessel method on simultaneous collections which were allowed to stand 
varying lengths of tune before centrifugation Curve III represents 
values obtained on duplicate collections, treated by the alveolar air method. 
Temperature 26°C In general, values obtained by Method III are higher 
than those obtained by Method I, but are consistent with them. 


hours at ordinary temperatures; and that the values so obtained 
bear a more or less defimte relation to those obtained when the 
blood is analyzed as soon as it is drawn. In only one case was a 
single value obtained which was entirely out of harmony with 
these ideas. This value is plotted at the last point in Curve III, 
Fig. 4. This plasma had been kept in an ice box for 4 days before 
it was analyzed. In general, the experience of the author entirely 
confirmed that of Van Slyke, inasmuch as plasma could be kept 
in an ice box for 7 days without appreciable loss in CO 2 content. 
The conclusion seems justifiable in this case that the plasma had 
undergone bacterial change or had become contaminated in some 
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other way. This contention is supported by another experiment 
Two 15 cc. samples of blood (the alkaline reserve values of dupli- 
cate collections, by the open vessel method, were centrifuged and 
analyzed immediately, and were 53,8 and 58 4 respectively) were 
subjected for 15 minutes to the reduced piessure produced by a 
po-werful vacumn pump. The blood was then centrifuged and 
analyzed, these values being 38.7 and 39 6 respectively In these 
two cases, where the maximum loss of CO 2 might have been ex- 
pected, the actual loss was 15.1 and 18 8 volumes per cent. Doubt- 
less, then, the diop of 15 8 referred to above was not due to 
accidental loss of CO 2 . 



Pig. 4 Curve I represents values obtained by the open vessel method 
and Curve III by the alveolar air method, as in case of Figs. 2 and 3 Tem- 
perature 22°C The plasma represented by the last point on Curve III 
had undoubtedly undergone bacterial change 

Although temperature is doubtless a contributing factor to the 
relative differences found in the analysis of duphcate samples by 
Methods I and lA, examination of the curves indicates that, in 
general, larger differences were obtained when samples havmg 
comparatively high alkahne reserve values were analyzed. Fig. 8 
illustrates this point When the lowest values were reached at 
the 60 minute interval, the difference was 3 volumes per cent as 
compared with an imtial difference of 15 If one had two solutions 
containing carbon dioxide m different proportions, and if one 
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manipulated these solutions m such a way that some carbon 
dioxide was lost, both solutions being treated m like manner, it 
seems reasonable to suppose that a larger mass of carbon dioxide 
would be lost by the solution containing the larger per cent of 
carbon dioxide. If one may reason by analogy, it seems logical 
that more carbon dioxide would be lost in the open vessel technique 
if the initial bicarbonate content were high than if it were low 
Since loss of carbon dioxide is guarded against by Method III, 
greater differences between the two methods would be apparent 
when the mitiA.l bicarbonate content was comparatively high 

Influence of Hemorrhage on Alkaline Reset ve. 

The most surprising feature of the alkahne reserve values 
obtained m this prehminaiy work on methods was the fact that 
blood shed by the same animal varied tremendously on different 
days (Table I). The values recorded in the columns headed 
June 28 a.m and July 5 p.m were in each case obtained from the 
same annual as the values m the columns unmediately preceding and 
follo'vning The idea might be advanced that the drops in alkahne 
leserve were the result of loss of blood from a previous bleeding. 
This seems highly improbable, however, because m each bleeding 
in this senes, not more than 100 cc. of blood were taken at a tune 
Furtheimore, there was no relationship between the frequency 
of bleedmg and the alkahne reserve values. As the experiment 
proceeded, it became evident that the high values were invaiiably 
associated with the bleedings which were accomplished without 
any struggle on the pait of the animal before or at the tune when 
the blood was drawn. The two extremely low values ref ei red to 
were associated with violent struggling, and the intermediate 
values represented corresponding degrees of struggle. This point 
is further borne out by subsequent experiments. The data in 
Table III, which are taken fiom a series of tail bleedings, lUustiate 
this point. In this table, a lower alkaline reseiwe value at the 
end of the bleedmg is shown by a positive sign in the column 
headed “loss m alkahne reserve during bleeding,” and vice versa. 
It is evident that, m those cases where httle or no struggle took 
place during bleedmg, the alkahne reserve values of the last 10 cc. 
of the large bleedmg did not differ greatly from the values of the 
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first 10* cc. This fact is emphasized here in order that it may- 
be borne in min d in connection with the data obtained m sub- 
sequent bleeding experiments. 

In a preliminary experiment an attempt was made to follow 
the alkahne reserve values of a pig daily. Because of the difficulty 
in obtaining samples, and because the work of Milroy and others 
pointed to the fact that the drop in alkaline reserve caused by 
hemorrhage occurs soon after the blood is shed, no further attempts 

TABLE III 


Typical Changes in Alkaline Reserve during the Piocess of Bleeding 


Animal 

No 


Blood 

drawn 

Meth- 

od 

Alkalmereserve 

Loss in 
alkaline 


Weight 

1st 10 
cc 

drawn 

Last 10 
cc 

drawn 

reserve 

during 

bleed- 

ing 

Remarks 

21 

Ihs 

289 

ee 

1,400 

I 

47 3 

43 9 

+3 4 

Quiet throughout, bled 

21 

7 

289 

245 

1,400 

1,000 

III 

I 

65 9 
50 4 

56 9 
51 2 

B 

freely. 

Quiet throughout; bled 

62 

272 

1,000 

I 

61 2 

48 9 

4-2.3 

slowly. 

Quiet throughout; bled 

18 

210 

1,300 

I 

61 6 

59 7 

+1 9 

slowly 

Quiet throughout; bled 

18 

6 

210 

291 

1,300 

1,400 

III 

I 

69 2 
45 1 

68 1* 
29.1 

+1 1 
4-16 0 

freely. 

•Quiet befhre bleeding; 

6 ] 

291 

1,400 

III 

64 5 

36 1 

-1-18 4 

struggled violently dur- 
ing bleeding; bled free- 
ly 


were made to collect daily samples. The procedure subsequently* 
adopted was as follows. The animal was confined in a crate, and 
the tail was shaved. A small portion of the tail was then cut 
off, and the first few cc. of blood' (about 5 cc.) were discarded. 
When the blood spurted from the artery m a good stream, two 
small samples (about 10 cc. each) were collected for analysis by 
Methods I and III. The results from these samples- in each case 
were plotted as the first points on the curves The cut tail was 
introduced into the vacuum flask and sufficient blood was drawn 
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to approximate 6 cc. per poniid of body weight. Two more 
small samples were then taken as before, and the time of sampling 
was noted. The intervals between the samples at the begitmmg 
and at the end of the large bleeding indicated the duration of 
bleeding. From these data the approximate rate of bleeding 
could be calculated. Since the rate of bleeding varied consider- 



Fig 5 Cur\y I (alveolar air method) and Curve II (open vessel method) 
illustrate the drop in alkaline reserve following the first hemorrhage of 
Sow 20 The time (absciss®) is expressed in minutes before or after the 
large hemorrhage was completed, % e , the first point on the curves repre- 
sents the alkaline reserve values of the first blood shed, the second point 
(at 0) the values of the last 10 ce of the large bleeding Curve III (alve- 
olar air method) and Curve IV (open vessel method) repiesent a second 
hemorrhage of the same animal a week later (Table IV). ’ 


ably at different tunes, all subsequent samples were timed from 
the noinute at which the large sample had been completely drawn. 
The animal was left m the crate, and the samples were taken at 
the intervals desired. Loss of blood between samples was pre- 
vented by tightly windmg a rubber band around the end of the 
tail. At the end of the hour, the pig was taken from the crate, 
put into a pen, and was not disturbed until another sample was 




TABIJi: IV 

Effect of Hemorrhage on Alkaline Reserve 
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taken in the same way at the end of an approximate 6 hour 
interval. In most cases it was a simple matter to obtain the 
5 hour sample. Occasionally it became necessary to cut the 
tail again. In such eases the fact has been noted. 

In the first experiment of this kind, samples were collected for 
analysis by both methods when 30 and 60 minutes had elapsed 
after the big sample had been drawn. In this case, as is shown 
by Curves I and II, Fig. 5, the drop in alkalme reserve was com- 
paratively small, the lowest point being reached at the 30 mmute 
interval. The 5 hour sample showed that the alkaline reserve 



Fig. 6 Curve III (alveolar air method) and Curve I (open vessel method) 
illustrate the performance of Sow 21, a hyperimmune, during a second 
hemorrhage (Table IV). 

was very nearly at its original value. Smce the drop m alkaline 
reserve was so small (about 5 volumes per cent) it seemed likely 
-that the low point on the crnwe had been missed. In the sub- 
sequent experiments, samples were taken 15 minutes after the 
end of the large bleeding also. * 

Curves III and IV, Fig. 5, show the performance of the same 
animal 7 days later, the total quantity of blood drawn bemg 
shghtly larger than that taken the previous week. In this case, 
the alkalme reserve was consistently lower throughout. The drop 
in alkaline reserve on that day, due, presumably, to loss of blood, 
was much greater; the lowest point bemg reached at the end of 
15 minutes. 
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Considerable data of this nature were accumulated, without 
any attempt at further analysis of these samples. The data are 
summarized in Table IV, and expressed graphically m Figs. 5, 
6, 7, and 8. Further information concerning the drop in alkaline 
reserve associated with loss of blood is furnished by subsequent 
.more elaborate experiments. 

These experiments were of particular mterest masmuch as they 
indicated that there was great variation m the drop in alkaline 
reserve due to hemorrhage. It is a well recognized fact that after 
loss of blood, the blood volume is rapidly restored, and an efficient 



Fig 7. Curve III (alveolar air method) aud Curve I (open vessel method) 
illustrate the effect of a first hemorrhage on Sow 22 (Table IV). 


blood pressure consequently maintained, by a dilution of the 
blood with the tissue fluids. Consequently, a diop in the total 
nitrogen content of the blood might be expected. 

Two pigs (females, Nos. 7 and 8), which were not hyperim- 
mune, were bled in the usual manner, the alkaline reserve values 
(obtained by the open vessel method) bemg recorded m Tables V 
and VI, and plotted in Figs. 9 and 10. Three successive bleedings 
were made on these two animals, at weekly intervals. The 
total nitrogen of the blood was determined by the Kjeldahl method, 
■the samples being weighed in aU cases. The results are averages 
vof closely agreeing triplicate determinations. The usual drop in 
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percentage of nitrogen m 5 hours, due to hemorrhage of this 
magnitude, was 0 3 to 0 4 per cent No explanation is advanced 
for the unusual drop of 1.01 per cent found in the second bleeding 
(Table V). More data on this pomt will be presented later. 
This experiment illustrates the individual reaction of animals 
subjected to the same treatment. The animals described in 
Tables V and VI were sinnlar in size, weight, and sex, but one 



Fig. 8. Curve III (alveolar air method) and Curve I (open vpssel method) 
illustrate the effect of a first hemorrhage on No 23, a black male The 
alkaline reserve values reached the lowest point encountered in this work 
This experiment shows the combined effect of violent struggle plus hemor- 
rhage in lowering alkaline reserve (Table IV) 

suffered a greater loss in reserve alkah on bleeding than the other. 
No. 8 (Table VI) developed an acidosis, due to violent struggle 
and loss of blood, which was less severe, m terms of actual alkaline 
reserve values, than that developed by No. 7 (Table V, second 
bleeding) when she was qmet throughout. The drop m alkaline 
reserve was the same m both cases. It is evident from data 
gathered by the repeated bleeding of the same animal that the 
loss of reserve alkah immediately following hemorihage was not 




Effect of Repeated Hemo^ j haqc on Blood of Pig 7 
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Effect of Repealed Hemotrhage on Blood of Pig 8. 
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Fig 9 Curves I, II, and III (open vessel method) illustrate the effect 
of a first, second, and third hemorrhage on a female, not hyperimmune 
(Table V) 



Fig 10. Curves I, II, and III (open vessel method) illustrate the effect 
of a first, second and thud hemorrhage on a female, not hyperimmune 
(Table VI) 
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the only variation of allcaline reserve to which the animal was 
subject. 

In many instances, the value obtained from the 5 hour sample 
was almost identical with that obtained fiom analysis of the first 
blood shed. The initial value obtained at the next series of bleed- 
ings, after the interval of 5 or 7 days, might be higher or lower. 
These animals were kept under ordinary fm’m conditions, and 
received a mixed diet. 

Influence of Hemorrhage on Other Co7i8tituents. 

These strikmg changes in the total nitrogen content of the blood 
made a study of the nitrogen distribution desirable. 

Taylor and Lewis, ^ working with dogs, found, when large 
quantities of blood were withdrawn hourly under continuous 
ether anesthesia, and the blood volume so lost was compensated 
by the injection of Rmger’s solution, that the blood serum showed 
the following changes, (a) A progressive decrease in the total 
mtiogen and total protein of the serum was less than the theoreti- 
cal dilution of the blood would account for The authors found 
no evidence, however, for the assumption of any synthesis of 
serum globuhn or serum albumm during the tune of the experi- 
ments. (6) They also found such a large progressive rise in 
non-protein nitrogen of the serum that they concluded that the 
increase could not have been due to any mere washing out 'of the 
tissues. Urea and amino nitrogen were also foimd to be increased 
with bleeding. They said in conclusion, “It does not seem pos- 
sible to resist the conclusion that the increase of non-protein 
nitrogen has been the result of an active process on the part of 
the tissues, due either to a setting free of stored ammo-acids or 
to amino-acids derived from hydrolysis of tissue (cellular) protein 
oreerum protein.” 

In the next experiment Pig 9 was bled seven times, the inteival 
between bleedmgs being 5 days (with one exception). The 
alkalme reserve samples weie collected at the usual mteivals, 
whenever it seemed advisable to do so. Tow^ard the end of the 
experiment, the blood clotted so rapidly and persistently that 
samples could not be obtained without cutting the tail. Non- 


Tayloi, A E , and Lewis, H B , J. Biol. Chem . 1915, xxii, 71 
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protein nitrogen was determined by the trichloracetic acid modi- 
fication of the Fohn and Dems® method. The ammonia was 
distilled according to the method of Bock and Benedict,® and the 
distillate was Nesslenzed. Urea was determined by Van Slyke 
and Cullen’s’^® modification of Marshall’s urease method, the 
ammoma being Nesslerized according to the suggestion of Rose 
and Coleman Chloiides were determmed by the method of 
McLean and Van Slyke,i® the proteins being precipitated by means 
of copper sulfate m alkahne solution, according to the suggestion 



seventh bleeding of a female whose diet was limited to com and tap water 
(Table VII) All determinations were made by the open vessel method, 

of Hardmg and Mason i® All the determmations were run on 
whole blood, both on the fimt blood shed and also on the 5 hour 
samples. The results are summarized in Table VII and Fig. 11 
The diet of this animal was restricted to corn and tap water, 

® GreenwiLd.,1 , J Biol Chem , 1915, xxi, 61 
® Bock, J C , aid Benedict, SR,/ Biol Chem , 1915, xx, 47 
Van Slyke, D D ,‘ind Cullen. G E , / Biol Chem , 1914, xix, 211 
“ Rose, A R., and Coleman, Y* R i Biockem Bull , 1914, in, 411 
McLean, F C., and Van Slyke, L> D , / Biol Chem , 1915, xxi, 361 
“ Harding, V J , and Mason, E H , J Biol Chem , 1917, xxxi, 55 
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no salt being added to the ration. It is a recognized fact from 
the extensive work of Kerr, Hnrwitz, and Whipple^^ that diet 
plays an important part in the rate of regeneration of blood. 
Little work has been done, however, on the effect of diet on the 
chemical composition of the blood. The aim of this experiment 
was to investigate the abihty of the animal to make good the 
losses in alkahne reserve, due to repeated severe hemorrhages on 
a poor and incomplete diet which was known to be acid-produc- 
ing, without the addition of salts. In this experiment no records 
were kept of the daily intake, and the excreta were not analyzed. 

The losses in alkaline reserve were much greater the first three 
times the anunal was bled than they were subsequently, although 
^the data on the last bleedings are not so extensive as might be 
desired, due to the great, difficulty in obtaining samples. When 
a good arterial stiream could not be obtained, the samples were 
not collected Apparently the alkahne reserve value of the first 
blood shed on any day, under the conditions of these experiments, 
bears no relation to such factors as the number of times the animal 
has been bled previously, or the amount of blood* taken at pre- 
vious bleedings. Whether the variations in alkalme reserve from 
week to week are entirely due to the experimental procedure, 
or are influenced by other factors to some extent is diflicult to 
say. It happens that the imtial alkahne reserve on the 1st day 
when the anunal was bled is the lowest initial value obtained, and 
that the initial value on the last day is very nearly as high as 
any obtained. It appears, then, that this ammal was capable of 
maintaining an efficient alkaline reserve over a period of 5 weeks 
on a diet which was highly acid in character, even though a total 
volume of blood amounting to 10 liters was withdrawn from the 
system during this time. So far as could be ascertained no fig- 
ures obtained by recent methods are available concerning the 
total amount of blood m the pig. If, however, one-twelfth of the 
body weight is assumed to be blood, then the theoretical volume 
of blood m the animal at the begmnmg of the experiment was 
approxunately 9 hters. Smce considerably more than the prob- 
able mitial blood volume was withdrawn during this experiment, it 
is evident that a tremendous stimulus to metabolism was afforded. 

In this connection, it is of interest to note the total mtrogen 
content of the blood at the various stages, and the distribution 

Kerr, W J, Hurwitz, S H, and Whipple, G H, Am. J. Physiol, y 
191S-19, xlvii, 356, 370. 
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of the nitrogen, as far as data are available. Drops in the per 
cent of nitrogen during the first 5 houis after bleeding are of the 
same order of magnitude as those reported in the previous experi- 
ment. In this case, however, there was a further drop in nitrogen 
content after the first bleeding. The intervals between bleedings 
were shorter in this experiment than m the preceding experiment 
Beginning with the fourth bleeding, it is interesting to watch the 
total nitrogen nse. The animal is evidently succeedmg m restor- 
ing some of the lost protem of the blood, even under these con- 
ditions of repeated hemorrhage, until finally, with the seventh 
bleedmg, the figure falls shghtly. That the protem of the blood 
was actually being increased is evidenced by the data on the 
non-protein nitrogen and urea nitrogen content of the blood. 
Although in some cases these values were higher 5 houis after 
bleedmg than at the beginning of bleedmg, there seemed to be 
no great tendency for these forms of nitrogenous bodies to 
accumulate m the blood to any significant extent. It is to be 
expected that m the mpbilization of mtrogenous compounds neces- 
sitated by the loss of blood, unavailable portions of mtrogenous 
compounds would have to be excreted; and hence that the normal 
products of piotem metabolism would accumulate temporarily in 
the blood. Of course, the smaE rise in non-protem mtrogen and 
urea nitrogen indicated by analysis in reality represents a very 
much larger rise in these compounds when the conditions existing 
in the body are remembered. The blood has been largely diluted 
with tissue fluids and the total mass of actively functioning tis- 
sue (the blood) has been materially reduced. In some* cases, a 
decrease of these bodies, as shown by analysis, might mean an 
actual increase in their production. The fourth bleedmg, where 
a comparatively small volume of blood was withdrawn, is a case 
m point. Although no salts were added to this diet which is 
known to be poor m chlorides, the changes in the percentage of 
chlorides were too small to be significant. 

DISCUSSION. 

There was a great variation in the reaction of different animals 
to hemorrhages of the same relative magnitude, and in the 
reaction of the same individual at different times. When the 
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same individual was bled a number of times, in all cases in which 
the animal struggled the alkaline reserve values dropped lower 
than in those cases m which the animal remained quiet. This 
fact was so universal that it seems safe to conclude that, other 
factors being equal, the drop in alkalme reserve in pigs, following 
hemorrhages of this magnitude, varies directly with the amount 
of struggling. In many cases, bleeding was accomplished without 
any apparent struggle. In such cases the drop in alkalme reserve 
was always small. Doubtless, if more blood had been drawn the 
drop in alkahne reserve might have been considerably greater 
even though the animal remained perfectly qmet. Smce larger 
hemorrhages were not attempted, no defimte information can be 
reported on this point. It is true that there was considerable 
variation in the amount of blood drawn at different times, but 
there were so many other factors which influenced the alkaline 
reserve values that differences m these values could not be attrib- 
uted entirely to differences m the volume of blood drawn. Table 
VII offers a case m pomt. In the case qf the fourth bleeding, 
when a small volume of blood was removed, there was a small 
drop in alkalme reserve; but m the next bleedmg, where almost 
twice the volume of blood was removed, the same drop in alkaline 
reserve was obtained. In the third bleedmg when an unusually 
large volume was removed, there was a large drop in alkaline 
reserve, but this experiment was comphcated by strugghng. In 
general, when comparatively large volumes of blood were removed, 
there was a large drop m alkaline reserve, but in such cases the 
bleedmg* was ahuost mvariably associated with stiuggle and rest- 
lessness How much of the acidosis is attributable to actual loss 
of blood and how’ much to the strugghng is difficult to say, the 
tendency to struggle doubtless bemg the direct result of the loss 
of blood. 

The statement frequently made in the hterature that hemor- 
rhage is accompanied by loss m reserve alkah or by a condition 
of acidosis, has been based upon experunents, as far as the author 
has been able to ascertam, in which the expeimiental animal has 
been subjected to anesthesia. Smce* anesthesia is known to lower 
the alkalme reserve of an animal,® the exact effect of the loss of 
blood IS not clear In the experiments described above this 
comphcating factor has been eliminated. It is true that another 
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factor, struggle, has been introduced. The results obtained from 
the many hemorrhages which were successfully carried out without 
any apparent struggle afford evidence of the effect of loss of 
blood uncomplicated by anesthesia or struggle. The cases in 
which struggle took place are of particular interest inasmuch as 
moie or less struggle usually accompanies the bleeding process. 
Furthermore, loss of blood in general is apt to be accompanied 
by struggle and nervous excitement. 

Mih’oy's conclusion that there must have been very rapid 
compensatory passage of the tissue fluid into the circulation, the 
fluid first entering the circulation being extremely poor in reserve 
alkali, is not confiimed bj'’ these experiments m which the pig 
was the experimental animal and the Van Slyke apparatus was 
the means of measurmg reserve alkali. In many cases the drop 
in alkaline reserve was slight. It is true that the hemorrhages 
which Milroy described were much more severe; but it seems 
reasonable to suppose that if the tissue fluids were poor in reserve 
alkali theie would have been greater drops in alkahne reserve 
in many instances than weie actually found. 

The fact that one animal (Table VII and Fig. 11) when bled 
seven times at intervals of 5 days was able to mamtain an eflflcient 
alkahne reserve thioughout the experiment even though her diet 
was restricted to corn and water affords further evidence of the 
fact that acidosis is not the limitmg factor which must be con- 
sidered in the tieatment of an animal which has lost a moderate 
amount of blood. It is true that diet undoubtedly is an extremely 
important factor m the rate of regeneration of blood.^^ 

The rise in urea and non-protem nitrogen in the blood after 
bleedmg might be caused by the breaking down of body protems 
in an effort to replace the lost cuculatmg protein. The urea 
might function also m maintaming normal osmotic relations. 

CONCLUSIONS. 

1. If the blood is allowed to flow directly from an artery into 
a paraffined vessel contammg potassium oxalate, and if the blood 
so obtamed is allowed to stand a definite time (| to 2 hours) 
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before centrifugation, the alkaline reserve values obtained by 
analysis of the plasma by the Van Slyke method bear a fairly 
definite relation to the alkahne leseive of the blood as it exists 
in the body. These results can be duphcated with satisfactory 
accuracy. 

2. Alkahne reserve values obtained m this manner are lower 
than values obtained when the blood is brought to a defimte 
CO 2 tension mmiediately after centrifugation, but, under definite 
conditions, are consistent with them 

3 When pigs were subjected to hemorrhages amounting to 
approximately 1.3 per cent of body weight, a study of the alkahne 
reserves of these ammals immediately after the hemorrhages 
resulted in the following observations. 

(a) Hemorrhages of this magmtude were usually accompanied 
by a somewhat lowered alkahne reserve during the first few hours 
after bleeding. 

(&) When the animal remained perfectly qmet throughout the 
experiment, the drop in alkaline reserve was mvariably small. 

(c) If the animal struggled, the drop in alkaline reserve was 
much greater, this being noticeable soon after struggling took 
place. 

(d) When the animal remained quiet, the maximum drop in 
alkaluie reserve was reached within | hour after the bleeding was 
completed. At the end of 5 hours, and often sooner, the alkahne 
reserve was near its original value. 

(e) There was considerable variation m the reaction of different 
mdividuals. 

(/) When the diet of one animal was restricted to corn and 
water and the animal was bled seven times at mtervals of 5 days, 
the alkaline reserve value of the first blood shed on any day bore 
no relation to such factors as the numbei of tunes the animal 
had been bled previously, or the amount of blood (within the 
limits of these experiments) taken at pre\’ious bleedmgs 

4. The total nitrogen content of the blood always fell immedi- 
ately after hemorrhage. There was a distinct tendency for the 
urea nitrogen and the non-protein nitrogen to rise. Although 
one animal was bled seven tunes while restricted to a diet of com 
and water, the percentage of chlorides in the blood remained 
constant. 
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5. On an inadequate diet (corn and water) under conditions 
of repeated hemorihage there was a distinct tendency toward 
regeneration of blood pioteins. » 

Grateful acknowledgment is made of the valuable criticism 
and kindly cooperation of Professor Steenbock and Dr. Beach 
of the College of Agriculture, throughout the course of these 
expenments. 




STUDIES .OF BLOOD REGENERATION * 

II. EFFECT OF HEMORRHAGE ON NITROGEN METABOLISM. 

By MARY V. BUELL 

{From tJie Department of Agricultural Chemistry, University of Wisconsin, 

Madison ) 

(Received for publication, August 11, 1919 ) 
INTRODUCTION 

The changes in the chemical composition of the blood of the 
pig under conditions of repeated hemorrhage, reported in the 
previous paper^ are of mterest in the light of mvestigations of 
the effect of hemonhage and acidosis on metabolism Hawk and 
Gies® concluded that in dogs m nitiogen equihbrium hemorrhage 
stimulated nitiogen excretion. Kerr and his coworkers® found 
that after plasmapharesis “The basal nitrogen metabolism shows 
no constant variation under these experimental conditions, with 
the exception of a primary rise m mtrogen elunination which 
occurs in the few days following the shock of the plasmapharesis.” 
Haskins* found a decided rise in the amount of total nitrogen 
excreted on the 2 days following hemorrhage. 

EXPERIMENTAL. 

Pig A, a female weighing 330 pounds, was confined m a large 
metabohsm cage, and was fed 5 pounds of corn (maize meal) 
each day, and 4 hters of distiUed water. (Later 5 hters of water 

* The work described in this article forms part of a thesis submitted in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy 
in the University of Wisconsin 

^ Buell, M V , J Biol Chem , 1919, xl, 29 

* Hawk, P B , and Gies, W J , Am J. Physiol , 1904, xi, 171 

’ Kerr, W J , Hmwitz, S H , and Whipple, G H , Am J. Physiol , 
191S-19, xlvii, 356 

^ Haskins, HD,/ Biol Chem , 1907, iii, 321 
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TABl/E I 

Effect of Repeated Hemorrhage on Utine of Pig A 
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were given.) No salts were added. After the animal had been 
kept under these conditions for 6 days, daily collections of the 
complete urinary excretion were made, and the followmg deter- 
minations were made volume, specific gravity, hydrogen ion 
concentration by the Clark and Lubs® method, total nitrogen by 
the Kjeldahl method, uric acid by the Benediet-Hitchcock® modi- 
fication of the Folin-Denis method, creatinme by Fohn’s colori- 
metric method, creatine by the Folin-Benedict^ method, ammoma 
nitrogen by Folm’s aeration method, urea by Van Slyke and 
Cullen^s® modification of Marshall’s urease method, the ammonia 
formed being titrated, and total phosphates by titration with 
uranium acetate The animal was bled four times at intervals 


TABLE II 

Period Averages of Urinary Analysis of Pig A 


Date. 
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2.95 

15 2 
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0 28 


of 7 days, in the oi dinary manner from the tail, approximately 
6 cc. of blood per pound of body weight being taken. The results 
of the daily analysis of the 24 hour collection of urine are given 
in Table I, and the period averages of these same data in Table 
II. The breaks in Table I indicate the occurrence of hemorrhage. 
The results of the blood analysis are given in Table III. The deter- 
mmations, in this case, were made as described previously,^ with the 
exception that the ammoma in the urea determinations was titrated 

* Clark, W. M., and Lubs, H A , J Bactei lol , 1917, u, 1 

* Benedict, S E , and Hitchcock, EH,/ Biol Chem , 1915, xx, 619 
Benedict, SR,/ Biol Chevi , 1914, xviii, 191 

* Van Slyke, D. D , and Cullen, G E , / Biol Chem , 1914, xix, 211. 
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instead of Nesslerized, a 5 cc. sample of blood bemg taken. The 
alkalme reserve values from this seiies of bleedmgs are plotted 
in Fig. 1. In general, the data illustrate the points which have 
already been discussed.^ Of particular mterest are the results 

TABLE III. 


Effect of Hemorrhage on Blood of Pig A 
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take the hour 
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not get a good 
stream Blood 

clotted very rap- 
idly. Animal 

quite exhausted 
but did not de- 
velop air hunger 
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obtained at the second bleeding, January 24. In this case, there 
was no drop m reserve alkali at aU, even though a larger amount 
of blood was taken than at any other bleeding in the series. In 
the case of the fourth bleeding, February 7, the drop was extremely 
rapid, but there were no symptoms of air hunger, and the animal 
apparently suffered no untoward effects fiom the experiment. 

The total nitrogen content was influenced by the hemorrhages 
much as in the previous experiments. Urea mtrogen was dis- 
tmctly higher at the end of 2 hours than at the beginnmg of bleed- 



Fig 1 Curves I, II, III, and IV illustrate the effect of the first, second, 
third, and fourth hemorrhage on the alkahne reserve of Pig A, which was 
kept in a metabolism cage and restricted to a diet of corn and distilled 
water (Tables I, II, and III) All determinations were made by the open 
vessel method 


ing. In the last bleedmg (February 7) a determination of urea 
nitrogen was made at the end of 15 minutes. At this time the 
urea nitrogen was the same (a very slight nse) as at the beginning 
of the bleeding, although the total nitrogen had dropped con- 
siderably. In general, bleedmg had the effect of raising the urea 
content of the blood within a short time after the blood was shed, 
and there was a tendency for the urea to remain high, although 
it dropped back to the original figuie before the end of the ex- 
periment, m spite of the fact that the hemorrhages were regularly 
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repeated at intei-vals of 7 days. During this time of high urea 
content in the blood there was no increase in the excretion of 
urea in the uime (Table II). 

In order to study the effect of hemorrhage on endogenous 
nitrogen metabolism, another animal, Pig B, a female, weighing 360 
pounds, was confined in a metabolism cage, and after being fasted for 
3 days, was offered distilled watef and starch to which sufficient 
sodium chloride had been added to make the ration palatable 
enough to induce the animal to eat After 3 days of starch feed- 
mg the sodium chloride was discontinued and daily collections 
of the urine were made. Duiing the lemamder of the experiment 
the animal received 4 pounds of corn-starch daily and about 5 
liters of distiUed water. In this way, exogenous nitrogen metab- 
olism was 1 educed to a minimum, but sufficient caloiies weie 
provided to cover the eneigy expenditure of the annual. The 
results of the dailj’’ analysis of the complete urinary excretion 
are given in Table lY and the peiiod averages of these results 
in Table Y. This animal was bled twice, and 6 cc. of blood 
per pound of body weight were taken, the interval between 
bleedings being 5 days. The alkaline reserve values are given 
in Table YI. 

Soon after the pig was taken from the crate at the end of the 
1 hour peiiod, she developed a severe case of air hunger. The 
respiration was shallow and lapid, about 180 a mmute. She 
refused food and water and was extremely nervous. After several 
hours an attempt was made to give the annual distilled water 
b}" rectum. Seveial hundred cc. weie retained. There was no 
urme during the first 24 hours after the bleeding The urine on 
the folio wmg day was collected and analyzed m two separate 
portions. It was veiy deeply pigmented. On the followmg day, 
March 3, the pig was apparently much better. The respiration 
seemed noimal She had no difficulty in moving about, but 
continued to refuse food and water.' Consequently the experi- 
ment was discontinued, and in an effort to save the animal 3 
liters of milk in which 10 gm of sodium acetate had been dissolved 
were administered by stomach tube. At night the pig was appar- 
ently normal, but was found dead in the morning, March 4, 
death being caused by a severe hemorihage of the lungs There 
was no reason to believe that death was due diiectly to the specific 
effects of the expermiental procedure 
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TABIEIV. 


Daily Analysis of Urine of Pig B 



1 





. 






8 









Date 

TJnne 

1 

A 



Specific gravity 

Total N 


Creatmme 

Creatinine N fro 
total N 

Creatine as crea 
nine 

Creatine N fro 

z; 

73 

o 

4a 

Uric acid 

Unc acid N fro 
total N 

3 

S 

"S 


im 

ee 

pH 



gm 

gm 

per 

cent 

mg 

per 

cent 

mg. 

per 

cent 

.mg 

1 


Feb 


0 

















1 


it 

21 


6 

2 

1 


12 

9 

3 93 


465 

1 

12 

532 

1 

23 

3 

44 

n 

266 

tt 

22 


6 

6 

1 

Biirll 

9 

5 



432 

1 

41 

374 

1 

17 

2 


n 

275 

a 

23 


6 

6 

1 

005 

7 

5 



392 

1 

63 

326 

1 


1 

n 

i i 

a 

222 

a 

24 

wn 

6 

6 



4 

6 

1 47 

8 60 

112 

B 

75 

189 

1 

23 

B 

92 

1 

201 

u 

25 


6 


1 

Q 1 

9 

0 

2 48 

7 38 


1 

35 

422 

1 


2 

12 

! 

235 

u 

26 

BRltl 

6 

4 

1 


7 

6 

1 63 


347 

1 

41 

249 

a 

97 

E 

95 


124 

u 

27 

2,726 

6 

E 

1 

i!i>5 

7 

3 

1 74 

6 35 



86 

252 

1 

m 

1 

m 

! 

244 

a 

28 


6 

0 

1 

003 

7 

8 

2 53 

8 66 


1 

42 

288 

1 

10 

1 

83 

1 

233 

Mar 

1 


6 

8 

1 

n 

5 


2 22 

11 83 

346 

2 

12 

m 

1 

81 

1 

13 

1 

225 

« 

2 


















1 


it 

8 






27 

E 

2 93 



8 

31 

mm 

3 

64 

6 


M 

244 

it 

3a* 


6 

E 

1 


12 

2 

1 58 

3 47 

3,789 

9 

62 

292 

3 

71 

3 


n 

28 

tt 

36* 


6 

2 

1 

m 

14 

7 

1 34 

2 46 

3,412 

7 

22 

288 

1 

69 

3 

1 

1 

21 


* The urine excreted during this day was collected and analyzed in two 
separate portions, a and b; a represents the period from Sam, March 2, 
to 5 p m , March 2, b represents the period from 6pm, March 2, to 8 a m. 
March 3. 

The breaks in the table mdicate the occurrence of hemorrhage. 


TABLE V 

Period Averages of Urinary Analysis of Pig B 


Date 

Total 

N 

Creati- 

nine 

Creati- 
nine 
from 
total N 

Crea- 
tine as 
creati- 
nine 

Crea- 
tine N 
from 
total N 

Uno 

acid 

Unc 
acid N 
from 
total N 

Phos- 

phates 

as 

PeOe 

■ 

1919 

gm 

grn 

per cent 

mg 

per cent 

mg 

per cent 

gm 


Feb 20-24 

6 9 

1 904 

7 39 

280 

1 26 

284 

1 23 

1 73 


“ 25-Mar 1 

7 4 

2 125 


329 

1 33 

303 

1 18 

1 67 


Mar 2-3 

13 6 

1 467 

2 92 

3,600 

8 31 

290 


3 30 
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TABLE VI. 

Effect of Hemon hage on Blood of Pig B. 


Date 

Blood 

taken 

uration of 
bleeding 

Time of sampling 

ikalme re- 
serve 

% 

1 

Remailca 



R 


< 

H 






vol 

per 

cent 


1919 

cc 

imn 


per 

cent 


Feb. 24 

2,100 

30 

Beginning of bleed- 

53 8 

3 06 

Pig was quiet until the 




mg 



last i hr. Then she 




End of bleeding. 

m 


struggled intermit- 




15 min after end. 

a 


tently Seemed ex- 




30 “ “ “ 

53 8 


hausted at the end 




60 “ “ “ 

43 9 

2 86 

of the hour. Respi- 
ration was heavy and 
deep, about 70 per 







min. 

Mar. 1 

2,100 

45 

Beginning of bleed- 


2 74 

Pig fairly quiet while 




mg 



in the erf^te. Strug- 




15 min after end 



gled a little inter- 




30 “ “ “ 

44 8 


mittently during the 




60 “ “ " 


2 45 

last i hr 


DISCUSSION. 

The data obtained on the effect of repeated hemorrhage on 
the composition of the blood of pigs (Tables III and VI, and Figs. 
1 and 2) supplement the data already reported in the previous 
paper. In one case, Fig. 1, Curve II, there was no drop in alkaline 
reserve after hemorrhage. 

The data obtained from the urinary analysis of Pig A (Tables: 
I and II) give no definite indication of increased mtrogen excretion 
due to hemorrhage. Although the collections were made at the 
same time each day, it is evident that in some cases the urine’ 
so obtained in reality represented a longer period than 24 hours, 
and in other cases a shorter period. When period averages are* 
considered, the values varj’" in each direction and therefore can- 
not be interpreted as demonstiatmg a significant change. In 
the case of Pig B, however, where the nitrogen excretion repre- 
sented endogenous metabohsm only, there is a definite indication 
of increased nitrogen metabohsm. This fact might be interpreted 
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as meaning that when no protein was furnished from which the 
animal could obtain fragments necessary to replace the lost 
tissue, there was greater autolysis of body tissue to made good 
the loss and also greater activity of the blood-making organs 
with a correspondingly mcreased excretion of the end-products 
of the metabohsm of these organs. Since the data on the effect 
of hemorrhage on endogenous mtiogen metabolism is so limited, 
and since the expermient terminated fatally to the animal, leav- 
ing room for doubt as to the exact nature of the cause of death, 
too much stress should not be placed on the results 



Fig 2. Curves I and II (open vessel raethod) illustrate the effect of the 
first and second hemorrhages on Pig B The pig was kept in a metabolism 
cage and the diet was restricted to starch and water The last point on 
Curve 11 represents a sample of blood taken just before severe symptoms 
of air hunger set in (Tables IV, V, and VI) 


In the case of Pig A the effect of hemorrhage on uiic acid 
metabolism was too small to be significant. According to the 
theoiy of Lewis and his coworkers,® amino-acids stimulate all 
cellular metabohsm, with the result that after protein ingestion 
(in man) there is an increased excretion of uric-acid. If 
hemorrhage causes autolysis of tissue protein, an increased excre- 
tion of unc acid might be expected. Uric acid, however, is 
not the only end-product of punne metabolism in the pig. Under 

• Lewis, H B , Dunn, M. S , andDoisy, E A , / Biol Chem , 1918, xxxvi, 9 
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the stress produced by hemorrhage, it is conceivable that puiine 
metabohsm might be carried out of its normal course In the 
case of Pig B, where uric acid excretion was entirely endogenous, 
the effect of the first bleeding is not clear. If amino-acids stimu- 
late uric acid excretion, it would be expected that total nitrogen 
and uric acid would run paiaUel and consequently that the per 
cent of uric acid nitrogen would not rise. The fact that there 
was an increased uric acid excretion on the day followmg bleedmg 
does not necessarily mean that there w'^as an mci eased production 
of uric acid during that daj", because of the uncertainty of the 



Tig. 3 Curve I lepresents the daily urinary fluctuation in the per cent 
of creatine nitrogen of total nitrogen Days on which bleeding took place 
are represented by vertical lines Bleeding stimulates creatine elimination 
Curve II represents the daily fluctuation in the ratio of PsOh to nitrogen 
This ratio rises aftei the 18th day, and falls again on the day following 
bleeding (Pig A, Table I) 


accuracy with which the samples represeuted a 24 hour period. 
The period aveiages show a shght increase m uric acid production 
after the first bleeding, too small, however, to be significant. 
If the first collections of urine after the second bleedmg (there 
was no urine on the first day) represented a 48 hour excretion, 
then the actual amounts of iiiic acid excreted remained remark- 
ably constant. In anj’’ case, the uric acid excretion was not at 
all pioportional to the total nitrogen. Although there is no 
e.xperimental evidence for this view, it is conceivable that those 
tissues which are comparatively low in nucleic acid, such as the 
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muscles, were autolyzed to a great extent, with the result that 
uric acid excretion was not proportional to nitrogen excretion. 

Much emphasis has been laid on the constancy of the creati- 
nine excretion for each individual. Haskins,^ however, found a 
sigmficant decrease in the creatinine excretion following hemor- 
rhage. It IS true that in the case of Pig A there was considerable 
daily variation in the amounts of creatinine excreted. The per- 
centages of creatinine nitrogen were fairly constant, however, 
particularly when period averages are considered. It happens 
that in each case there was a shghtly diminished excretion of 
creatinine nitrogen, expressed as percentage of total nitrogen, on 
the day following bleeding. These drops fall well within the 
limits of daily variation, however, and therefore cannot be con- 
sidered significant. An apparent fall in the per cent of creatinine 
nitrogen might, of course, be due to a correspondmg increase in" 
total mtrogen excretion. This experiment, therefore, affords no' 
evidence that repeated hemorrhages of this magnitude influence 
the excretion of creatinine. In the case of Pig B, the period 
averages might seem to indicate that there was a significant 
reduction in creatinine output after the second bleeding. This-' 
effect, also, is directly dependent upon the accuracy with which 
this collection of urine represented the excretion of the 48 hours* 
following bleeding. Since this point is in doubt, there is little- 
reason to think that the creatinine value was actually lowered 
by bleeding. 

In the case of Pig A, there seems to be no doubt that hemorrhage- 
increased the excretion of creatine when both actual amounts 
of creatine and percentage of creatine nitrogen are considered. 
Accordmg to the conception of Underhill,^® that acidosis is a 
determining factor in the excretion of creatme (in rabbits) this 
result might be explained on the basis of the fact that hemorrhage- 
is accompamed by lowered alkaline reserve. Several facts, how- 
ever, are in opposition to this view. The data here presented on 
the effect of hemorrhage on alkahne reserve, ammonia excretion, 
and the hydrogen ion concentration of the urine, all point toward 
the fact that the acidosis produced by this experimental procedure 
was usually shght and of brief duration. Steenbock and Gross, 

TJnderlull, F P , J Biol Chem , 1916, xxvii, 127 

Steenbock, H , and Gross, EG,/ Biol Cham , 1918, xxxvi, 265 
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working with pigs, found that intensive protein-feeding resulted 
in increased creatine production even during alkalosis. The con- 
clusion seems more plausible, therefore, that the increased creatin- 
uria was caused by an alteration in the course of nitrogen metab- 
olism due to hemorrhage. 

When the exogenous nitrogen metabohsm was eliminated (Pig 
B), the second bleeding brought about a tremendous rise in the 



Fig. 4 The vertical lines represent the averages of the actual amounts 
of creatinine, creatine, uric acid, and total nitrogen respectively excreted 
during the various periods of the experiment. Line I represents the fore 
period, LinS II the period between the first and second hemorrhages. Line 
III the period between the second and third hemorrhages, etc (Pig A, 
Table II). 

amount of creatine excreted, and also in the per cent of creatine 
nitrogen. It is true that other unknown factors beside simple 
hemorrhage may have entered into this effect. The picture sug- 
gests itself, however, that when the blood stream is suddenly 
flooded with the fragments resulting from the breaking down of 
protein of either endogenous or exogenous origin in such large 
amounts that the organism is unable to metabolize them in the 
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oi’dmaiy an increased creatine production and excretion 
results 

There are considerable data in the literature to show that acid- 
feeding, if sufficiently intensive, produces an increased excretion 
of phosphates m the urine m animals Goto^^ found that acid- 
feeding produced no definite influence on the distribution of phos- 
phates between urine and feces of rabbits. The data for Pig A 
show that the phosphate excretion m the urme was fairly con- 
stant until the 18th day of the experiment. At this point the ratio 


P2O5 

IT 


rose defimtety. 


This fact shows clearly, if it is assumed 


that there was no correspondmg fall in fecal phosphate, that 
alkaline phosphates were bemg lost from the body, presumably 
to help neutrahze the excess acid formed. The fact that the next 
two bleedings weie followed on the next day by a deci eased 
P O5 

ratio may mdicate that the readily available phosphates 


were exhausted at the time, due to loss of large quantities of 
phosphoric acid in the blood withdrawn In the case of Pig B, 

the ratio remained fairly constant throughout This effect 


would be expected on account of the short duration of the experi- 
ment; but it IS of particular interest inasmuch as the nitiogen 
figure rose so high after the second bleeding, and no phosphates 
were supphed with the food. 

It IS a rather remarkable fact that the hydrogen ion concen- 
tiation of the urine of Pig B suffered so little change after the 
second bleeding durmg the 48 horns when the animal was suffering 
fiom acute an hunger. 

In the alkaline reserve values (Table VI) obtained after the 
second hemorrhage is found an interestmg example of a pre- 
liminary fall in alkaline reserve with the usual attempt at lapid 
restpration, followed by a second sharp fall It is unfortunate 
that samples of blood could not be drawn during the entire period 
of air hunger. 


Goto, K , J. Biol Chem , 1918, xxxvi, 355 
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CONCLUSIONS 

1 On a diet of corn and water, under conditions of repeated 
liemoiihage, the creatine excretion of two animals (pigs) was 
definitely increased. This effect was cumulative. 

2. When the diet was restricted to starch and water, the second 
hemorrhage caused an increased excretion of total nitrogen, 
phosphates, and creatine. 

3. The theoiy that hemorihages amounting to 6 cc per pound 
of body weight are not necessarily accompanied by a severe grade 
of acidosis is supported by the following observations 

(a) The drops in alkaline reseiwe were slight and of short 
duration 

(b) There was no great increase in the ammonia nitrogen 
excietion aftei hemorrhage. 

(c) The hydrogen ion concentration of the urine was not defi- 
nitely influenced by hemorrhage. 
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The experiments of this laboratory have demonstrated that a 
causative element of the great increase in heat production after 
meat ingestion is due to the stimulus provided by the acid products 
of protein metabolism. Thus, when glycocoll and alanine are 
given to a dog the metabolism increases greatly (1, 2). The 
increased metabolism is not due to the process of deamination or 
of urea formation because the administration of glutamic acid (1) 
or of asparagine (3) (the latter having the same NH 2 content as 
glycocoll) is without influence upon metabolism. The increased 
function of the kidney is without influence, for neither urea nor 
sodium chloride, when admmistered in aqueous solution, has any 
power to increase the basal metabolism (4) , These experiments 
also exclude an increased osmotic exchange between the blood 
stream and the cells as a cause of the specific dynamic action. 

It might be objected that glycocoll and alanine, which some- 
times produce vomiting, cause an increased metabohsm through 
gastric or intestinal irritation, but urea and salt solutions also 
sometimes produce vomiting; yet when they are retained by the 
stomach there is no rise in heat production after their adminis- 
tration. Benedict and Emmes (5) have shown that the^admmis- 

* An abstract of this work was published as, Calorimetrie compar^e de 
Pingestion de viande, d’acide lactique et d’alanine chez ranimal (Lusk, 
G., Compt rend. Acad , 1919, clxviii, 1012) 

t Of the Russell Sage Institute of Pathology, m affiliation with the 
Second Medical Division of Bellevue Hospital 
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tration of severe cathartics does not cause the heat production to 
increase Furthermore, the increased metabolism is not due to 
the sudden availability of glycocoll or of alanine as providers of 
heat because a considerable increase in metabolism is achieved 
when these substances are administered in phlorhizin glycosuria, 
under which conditions they are completely converted into glucose 
and urea without the liberation of energy by oxidation (2). The 
amino-acids themselves are not stimuli to metabolism, for Rubner 
(6, a) has correctly shown that that quota of the ingested protein 
which is* absorbed as amino-acids and deposited as new protein 
in the body exercises no specific dynamic action, in other words, 
does not raise the heat production 

There is a fundamental distinction between the heat production 
induced by protein and that brought about by carbohydrates. 
Thus, when a fasting dog is caused to perform a measured quantity 
of work, his heat production is the same as when he is given sugar 
in abundant supply. If the dog is given meat and caused to do 
the same amount of work as before his energy production will be 
raised above the basal level by the increment of the specific 
dynamic influence of the meat superimposed upon the increment 
of metabolism produced by the performance of the work (7). 

In this fact lies the proof that the character of the cause of the 
increased heat production after giving meat and carbohydrate is 
essentially different. 

That the primary metabolites are different is also indicated by 
the fact that, though fructose, when given m phlorhizin glycosuria, 
is converted into glucose and as such completely eliminated in the" 
urine, the intermediary metabolites involved m this chemical 
transformation do not cause any increase in the metabolism of 
the dog (2). 

In this connection it is of interest to note that the alkaline 
reserve of the blood falls after the administration of meat, which 
indicates the production of acid metabohtes ; this is not in evidence 
after the ingestion of a vegetarian diet (8). Atkinson and Lusk 
(3) have demonstrated that 200 cc. of 0.4 per cent of hydrochloric 
acid will increase the heat production in the dog from 20 to 21.25 
calories per hour. 

Furthermore, m phosphorus poisoning, a cofidition in which 
large quantities of lactic acid are produced, the heat production 



H. V. Atkinson and G. Lusk 


81 


is increased (9). It also appears probable that the rise in heat 
production in severe anemias is due to the pathological production 
of lactic acid from carbohydrates, which production may be 
assumed to take place only in the absence of an adequate oxygen 
supply to the cells (10). 

These considerations naturally lead one to the conclusion that 
lactic acid itself, if given to a dog, might cause an increase m the 
heat production, just as ingested alanine does, a presumption 
which proved to be justified. 

Methods. 

The dog was given the '‘standard diet” at 5 p.m.; then either 
(1) the “basal metabolism” was determined by the calorimeter 
on the following moinmg, 18 hours or more after food ingestion, 
or (2) the material to be investigated was given by stomach tube 
durmg the morning and the' dog was then placed in the calorimeter 
at an environmental temperature of 25 or 26°C. The results in 
the two instances could be compared (2). 

EXPEBIMENTAIi. 

It was found that when 10 cc. of d-Z-lactic acid containing 8 
gm of lactic acid in solution were dissolved in 500 cc. of water, the 
dog invariably violently vomited the material. In one instance 
when 500 cc. of pure warm water were administered the dog regur- 
' gitated a considerable amount of the ingesta as though the mass 
were too great to be retained However, when 500 cc. of water 
containing 2.5 gm. of Liebig’s extract of meat were given the fluid 
was always retained. Whether this difference was due to the 
saline content or to the flavoring extractives in the Liebig’s extract 
is unknown, but it is certain that beef broth is moie leadily le- 
tained in the stomach than plain water. When 2 5 gm of Liebig’s 
extract were added to the 1 6 per cent solution of lactic acid 
described above the fluid .was retained in about half the instances. 
At one time, after quite frequently repeated administrations, the 
lactic acid solution was persistently vomited whenever given and 
the completion of the work was delayed until the dog’s stomach 
had recovered from its abnormal irritabihty. Wn:ien the lactic acid 

THE JOUHHAI. or BIOLOGICVL chemistry, >01, XL, NO 1 
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was diluted with 400 cc. (instead of 500 cc.) of water the resulting 
2 per cent solution was vomited. The solution was always given 
at a tempeiature of 38°C. 


Series i. 

In this short senes of expeiiments a comparison of the metab- 
olism, after giving 8 gm. of lactic acid, with that found after 
giving 8 gm. of alanine was made as shown in Table I. 

TABLE I 


Dog XVIJI, Sems 1 


s 

0. 

Date 

State of nutrition 

Hours 
of ex- 

RQ 

Calones per 
hour 

Increase over 
1 ndirect 
basal (17 8 
calones) 

O 0) 

ment 


In- 

direct 

Direct 


ms 


■ 





20 

Dec 26 

Basal metabolism 

B 

0 84 


16 9 


21 

27 

Lactic acid, 8 gm , Lie- 
big’s extract, 2 5 gm., 
water, 500 cc 

2 

0 93 


21 0 

+3 1 

22 

“ 31 

Alanine, 8 gm , Liebig’s 
extract, 2 5 gm , 
water, 150 cc 

2 

0 90 

19 3 

19 2 

+1 5 


The urinary nitrogen m Experiment 20 was 0.085 gm. per hour; 
in Experunent 25 it was 0.113 gm. per houi. In Experiment 22 
it was assumed that the metabolism of body protein furmshed the 
same 0.113 gm. of nitrogen per hour as in Experiment 25, that 70 
per cent of the total amount of d-Z-alanine was metabolized, and 
that of this 23 per cent was metabolized in the 2nd, and 21 per 
cent m the 3rd hour after the ingestion of the material (11). 

Since lactic acid and glucose yield ahnost the same number of 
calories per gm. and both yield a respiiatory quotient of 1.00, the 
calculation of the heat production by the indirect method after 
the usual manner is entirely 3 ustified. 

The expermients (Table I) indicate that 8 gm. of lactic acid 
administered m 600 cc of water increase the metabohsm from 
17 8 to 20.9 calories, an mciement of 3 1 calories, whereas 8 gm. 
of alanine given m 150 cc. of water cause an increase of only 1.5 
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calories. Unfortunately, no more alanine was available The 
discrepancy between the results was due to the difference in the 
quantity of water ingested, as appears m the second sen^ of 
experiments. 

Senes 2. 

It was stated by Rubner (6, 6) and substantiated in this labo- 
ratory that the ingestion of a solution of Liebig’s extract of meat 


TABLE II 

Dog XVIII, Senes 2 


O 

A 

M 

a> 4 A 

Date 

State of nutrition 

Hours 
of ex- 

RQ 

Calories per 
hour 

^ 49 1 

>oS 

5 O d 
® " 

'H ri 

O o 

pen- 

mont 

lu- 

direct 

Direct 

5 fit- g 


mo 







34 

Feb 24 

Meat, 1,080 gm 

2 

0 80 

34 0 

34 1 

16 6 

37 

‘‘ 28 

Basal metabolism 

2 

0 85 

17 3 

17 0 


39 

Mar 3 

a a 

3 

0 85 

17 6 

17 2 


40 

“ 4 

Lactic acid, 8 gm , Lie- 
big’s extract, 2 5 gm , 
watei, 500 cc 

3 

0 88 

19 4 

18 3 

2.0 

41 

“ 5 

Basal metabolism 

3 

0 82 

17 5 

16 7 


42 

“ 11 

Liebig’s extract, 2 5 gm : 
water, 500 cc 

3 

0 80 

18 5 

17 6 

1.1 

43 

“ 12 

Basal metabolism 

2 

0 81 

17 1 

17 0 


44 

13 

Liebig’s extract, 2 5 gm , 
water, 500 cc 

3 

0 78 

18 2 

17 5 

0 8 

45 

“ 14 

Liebig’s extract, 2 5 gm , 
water, 150 cc 

3 

0 84 

17 0 

16 9 




Average 







was without influence upon the heat production. The increase in 
metabolism after giving meat extract to Dog XVIII, as shown in 
Table II, seemed at first difficult of interpretation. However, it 
was demonstrated by Experiment 45 that when the volume of the 
fluid administered was reduced from 500 cc. to 150 cc. the trust- 
worthiness of the older experiments was confirmed, for there was 
then no rise in the heat pioduetion. 

However, •whenever the laiger volume of fluid was given there 
was a 1 apid elimination of it by the kidney, as is shown in Table III. 
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TABLE V —General 



Nitiogen values in paientheses aie assumed fiom neaibyiecoids of the basal values/ 
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Summary of Dog XVIII 


Morning 

weight. 

Behavior of dog 

Food 

k 

11 35 

Quiet 

Basal metabolism. 

11 31 

Sh^t movement 

Quiet 

8 gm lactic acid; 2 5 gm meat extract; 500 cc. 
water at 10 35 a m 

11 26 

Slight movement between 
the 2 hours 

8 gm. alanine, 2 5 gm meat extract; 160 cc. 
water at 10 30 a m 

12 07 

Se\"eral moveineiits 

te it 

1,080 gm meatatSam 

11 95 

Slight movement 

Quiet 

Basal metabolism. 

11 77 

Slight movement 

Quiet 

Slight movement 

Basal metabolism 

11 77 

Quiet. 

a 

a 

8 gm. lactic acid, 2 5 gm meat extract, 500 cc 
water at 10 17 a m 


it 

Slight movement 

C( it 

Basal metabolism 

11 55 

Quiet 

* it 

2 5 gm meat e.xtract ; 600 cc. water at 10 20 a m. 


Slight movement 


11 50 

Quiet 

it 

Basal metabolism 

11 53 

ii 

it 

it ^ 

2 5 gm meat extract, 500 cc water at 10 15 a m. 
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Animal Calorimetry 


TABLE V~ 


Date 

49 

5 

a 

6 c 

Time 

COs 




Calories 

Percentaee of 
heat loss by 
evaporation 
of water 

O2 i R Q 

H:0 

Urme, 
basal N 

0 

43 

0 

u 

Alanine 

1 

Indirect 

t 

Q 

h 

Q 




gm 

gm 1 

gm 








Mai 14 

45 


5 82 

4 83, 0 88 

5 65 

fO 145) 

3 84 


12 41 

16 25 

16 37 





5 98 

MiiMtiai 

584 

fO 145) 

3 84 


14 04 

17 88 

16 28 

21 




5 93 

5 05! 0 So 

5 34 

(0 145) 

3 84 


13 07 

16 91 

18 12 

17 

May 9 

57 

11 45-12 45 

5 81 



0 150 

3 98 


12 46 

16 44 

15 39 




12 45- 1 45 


4 57'i 0 94 

7 54 0 150 

3 98 


11 64 

15 62 

17 00 

27 



1 45- 2 45 


5 35! 0 82 

1 

744 

0 150 

3 98 


13 79 

17 77 

17 98 

24 


58 



4 58' 0 91 


0 155 

4 11 


11 40 

15 51 

13 76 




BB 

5 95 

4 7l| 0 92 

6 92' 0 155 

1 

4 11 


11 90 

16 01 

16 33 

25 


The authors wish to acknowledge the assistance of Messrs. J. 
T. Sheridan and W. M. Stobbs m can'jdiig out these experiments 
Mr. Sheridan, a student of brilliant promise, died of the grippe 
while the expenmeiits were in progress. 
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Concluded 


Morning 

weight 

Behavior of dog 

Food 

hg 

1 


11 55 

Quiet 

2 5 gm meat extiaet, 1,50 cc water at 10 25 a m 

- 

t< 


10.80 

ii 

tt 

Slight movement 

Basal metabolism 

10 67 

Quiet 

it 

8 gm glucose. 150 cc svatei at 10 24 a m 
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THE ANTISCORBUTIC VALUE OF THE BANANA. 

By HOWARD B LEWIS. 

{Fiom the Laboratory of Physiological Chemistiy, University of Illinois, 

Urbana ) 

(Received for publication, August 14, 1919 ) 

The nutritive value of the banana as determined by its ade- 
quacy for the giowth or maintenance of albmo rats has recently 
been the subject of investigation by Sugiura and Benedict (1) 
Rats maintained on banana alone failed to increase in size and 
died after periods of 16 to 80 days without marked loss in weight 
It was suggested that the physical properties of the banana might 
not be favoiable for the utilization of the food materials in the 
digestive tiact of the rat. Further expeiiments in which the ba- 
nana supplied only a part of the ration indicated that the banana 
was lacking in adequate amounts of protein and the water-soluble 
accessory (watei -soluble B), For the cure of infantile scurvy 
the banana has been observed to have httle antiscorbutic value 
(2), being decidedly inferior to the juice of the potato or orange. 
No studies of the antiscorbutic value of the banana in experi- 
mental scorbutus of the guinea pig have been reported. 

Three cases of scurvy developed m the gioup of rats on an 
exclusive banana diet m the experiments of Sugiura and Benedict 
(1). No clinical or postmortem observations are recorded, how- 
ever. The i&t is not commonly considered to be susceptible to 
experimental scuivy, and McCollum and Pitz (3) have shown 
that normal growth and repioduction are possible in the rat on 
diets which produce scurvy m the gumea pig. Snnilar results 
have been obtamed by Cohen and Mendel (4). Harden and 
Zilva believe that the antiscoibutic factor is necessary for the 
normal growth of the rat (5) even though those animals do not 
develop the typical lesions generally associated with the disease. 
Like conclusions have been reached more recently by Drum- 
mond (6). Tozer (7) has also reported that in gumea pigs on 
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Antiscorbutic Value of the Banana 


diets deficient in factors other than the antiscorbutic principle, 
notably the fat-soluble accessory, histological study may reveal 
a condition closely resembling that present in experimental 
sciir\’^’' In view of these facts and of the absence of detailed 
clinical or autopsy data, it may be considered questionable 
whethei Benedict and Sugmra were deahng with typical experi- 
mental scurvy in their rats. 

The present series of experiments is concerned with the value 
of the banana as an antiscorbutic in experimental scurvy of the 
guinea pig. 

EXPEEIMENTAL. 

The expeimiental animals were young guinea pigs, for the 
most pait about 300 gm. m weight. The greater number of the 
animals ivere pm chased from a local dealer, who bred small 
numbers of them, and in whose pens the sanitary conditions were 
known to be excellent In later experiments it became neces- 
sary to purchase some animals fiom wholesale dealers. In all 
cases, however, the animals were kept undei careful observation 
m the laboratoiy on mixed diets until it was established that 
they Avere in good health The animals were confined in cages 
about 30 by 18 inches in dimension wdiich allowed a reasonable 
aiiiount of exercise These cages were cleaned daily, steamed 
out with live steam on alternate days, and once a w'eek were 
washed out ivith a weak solution of phenol Food consumption 
was determined by daily weighing of the uneaten portion With 
the exception of a few days at the outset of the experunents, the 
containers foi the drmking watei w^re sterilized daily The 
guinea pigs were weighed on alternate days. 

The symptoms which were taken as a criterion of the onset of 
scurvy were those described bv Chick, Hume, and Skelton (8), 
and by Cohen and JMendel (4) In all cases, the clinical data 
were checked up by postmoitem examination, although it Avas 
not possible to secure histological examination of the tissues 

Barianas as the Sole Source of Foal — Sugmra and Benedict (1) 
have shown that the banana is deficient m protem and Avater- 
soluble B, and that adequate nutrition of the white rat is impos- 
sible on a diet consisting solely of bananas Inasmuch as the 
nutritive requirements of the guinea pig have not been AA’orked 
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out in such detail as have those of the white rat, it was consid- 
ered desirable to study the influence of the banana diet on the^ 
growth of young guinea pigs Two typical experiments are 
presented m Chart 1. Gumea Pig K with an average daily con- 
sumption of over 65 gm of banana lost weight rapidly and died 
on the 26th day. No chnical signs of scurvy were evident and 
the postmortem examination of the animal revealed a marked 
condition of inanition, but no lesions of scuivy. Similar results 



Chabt 1 Guinea Pigs H and K leceived only iipe bananas, the avei- 
age daily consumption being slightly over 50 and 65 gm respectively 
Both guinea pigs lost weight rapidly and died m 21 and 26 days lespec- 
tively No scorbutic symptoms w’eie present at any time 

weie obtained with Guinea Pig H whose average daily food con- 
sumption was somewhat less. The rapid decline in weight ■with 
no accompanying symptoms of scurvy was also shown in experi- 
ments ( Chart 3) m which after a peiiod of marked loss in weight 
the banana diet was supplemented by the addition of oatmeal. 
These results are smiilar to those reported by Sugiura and Bene- 
dict in experiments on white rats, although in the latter the 
decline in weight was less marked than in the present series. 
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Lack of the antiscorbutic factor can hardly be included in the 
list of the deficiencies of the banana as a foodstuff, since despite 
the marked malnutrition, as evidenced not only by failure of 



Days 


Chart 2 Guinea Pigs A and B received rolled oats ad libitum for 18 
and 19 days respectively At this point tenderness of the joints was evi- 
dent and loss of weight \^as maiked Banana (35 gm ) added to the diet 
relieved the scoibutic symptoms and peimitted slow giowth The ani- 
mals weie killed after 90 days No signs of scur^’y weie obseived on au- 
topsy Gumea Pigs E and F received rolled oats ad libitum and 35 and 25 
gm of banana respective!}’- No scorbutic symptoms developed The 
oat mtake of Guinea Pig F gradually diminished and the animal died after 
58 days Guinea Pig E was killed at the end of 9S days Autopsy find- 
ings were normal in both cases 

giowth, but even of maintenance on this diet, no scorbutic symp- 
toms were observed 

Banana and Rolled Oats . — The early experiments of Holst and 
Frolich (9) and later investigations from other laboiatories (3, 4, 
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10, and 11) have shown that guinea pigs on an exclusive cereal diet 
usually die in from 20 to 30 days with scorbutic symptoms. In 
Chart 2 and Table I are presented typical protocols of experiments 
in w'hich banana supplemented the oatmeal diet. In the earlier 



Chabt 3 Guinea Pig I leceived an exclusive banana diet up to the 
20th day, 10 gm of oatmeal weie then added until the 93rd day, aftei 
^\hich the oatmeal-casein cake was fed in place of the oatmeal The ani- 
^ mal was free from clinical symptoms of scorbutus throughout the period 
of the experiment Gumea Pig N received rolled oats only for 24 days 
Soreness and slight enlargement of the joints developed about the ISth 
day 30 gm of banana as a supplement to the diet relieved the scorbutic 
‘symptoms although satisfactory giowth was not made When the oat- 
meal-casein cake V as substituted for the rolled oats, rapid growth ensued 

part of the experiments bran was also added to the diet, but 
since the ammals chose the rolled oats and left the bran uncon- 
sumed its use was discontinued. Provided the daily intake of 
banana could be maintained at 25 gm. or more, no scorbutic 



TABLE I 


U) 

n 


3 

o 


A 


B 


C 

D 


E 


F 


G 

H 

K 

I 


M 


Weight 



(2a2/s 


am. 


gm 


gm.\ 


Diet 


90 


540615 


60S 


Oatmeal to 18th day, 
oatmeal and 35 gm 
banana thereafter 


90467604592 


Oatmeal to 19th day, 
oatmeal and 35 gm 
banana thereafter 


26 


687693483 


Oatmeal 


34320 331 


295 


358 


238 


317 


Oatmeal and 10 to 15 
gm banana daily, 
banana eaten m 
small amounts only 
after 24th day 
Oatmeal and 35 gm 
banana 


58 


44 


290 


329 


299 


329 


213 


255 


Oatmeal and 25 gm 
banana, diminished 
intake of oats toward 
end of experiment 
Oatmeal and 20 gm ba- 
nana 


21 

26 

124 


73 


347 

438i 

579 

754 


3&4 

438 

641 


247 

326 

641 


754416 


Banana about 50 gm 
daily 

Banana about 65 gm 
daily 

Banana alone to 20th 
day , oatmeal and ba- 
nana to 93id day, 
oatmeal-easein cake 
thereaftei 

Banana alone to 20th 
day, oatmeal and 
banana to end of ex- 
peiiment little ba- 
nana eaten last 2 
weeks of expeiiment 


Notes 


Marked loss in weight 12th to 
18th day, slight gam to 60th 
day, no gam thereafter 
Killed No scurvy 

Marked decline m weight 14th 
to 20th day, gradual gain 
to 56th day Killed No 
scurvy 

Marked loss m weight after 
ISth day Died Scurvy. 

Marked loss in weight after 
20th day Died Severe 
scurvy. ' 


No growth, fluctuations m 
weight Ate little food 
after 90th day Killed 
No scurvy. 

Progressive loss m weight with 
diminished food intake 
Died. Inanition No 
scurvy 

Prolapse of rectum Killed 
Maiked impaction of cecum 
Mild scui\’A’^ 

Died Inanition No scurvy 

H ii IS Ci 

Maiked loss m weight on ba- 
nana diet, maintenance on 
banana-oat diet , vigorous 
growth on banana and oat 
cake 

Died Marked impaction of 
cecum Severe scuivy 
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TABLE I — Continued 


o 

2: 


n 

1 

eight j 



Q. 






Notes 


iaa-.' 

^ g7n 

am 

gm 



N 

ICG 

o99 

613 

505 

Oatmeal to 24th day, i 
oatmeal and 30 gm 
banana to 75th day, 
oat cake and 30 gm 
banana theieafter 

Loss in weight on oat diet, 
slight smeness of joint-, on 
18th daj% maintenance 
and slight giowth on oat- 
banana diet, good giowth 
on banana and oat cake 
Killed No scuivy 

S 

S6 

CO 

Ol 

■431 

423 

i 

Oatmeal and 25 gm ba- 
nana to 30th day, 
oat cake and ‘20 to 25 
gm banana theie- 
attc: 

Maintenance and slow gio\vtli 
on oat-banana diet, better 
giowlh on oat cake and ba- 
nana Killed No scuivy 

T 

4S 

|30S' 

3GS 

1 ^oo 

1,S7 

Oatmeal to 121 h day, 
oatmeal and 25 gin 
banana to 30th daj , 
oat cake thexeaftei 

Died Maiked cbnical and 
postmuitem sjmptoms of 

PCIU VJ 

U 

IS 

270 

l. -.i 

19S 

OvUineal to ISth day, 
oatmeal and banana 
to 30th da^' , oat cake 
and banana to 36th 
clav oat cake alone 
theioaftci 

D ed SevPi c scu' v\ 

V 

S6 

272 

1 

491 

i 

491 

Oatmeal to 18th day, 
oatmeal and banana 
to 29th , oat cake and 
15 gm banana thei c- 
aftei 

Rapid gam m weight atlci ad- 
dition of oat cake and ba- 
nana No scui vy 

W 1 

SO 

27Gj 

I 

477i 

477 

Oatmeal to ‘20th dav, 
oatmeal and banana 
to 2Sth day , oat cake 
and 25 gm banana 
, thereafter 

Loss m weight on oats alone, 
slight gam on baaana-oat 
diet, larpid gam on oat cake 
and banana 

Y 

i24 

352 

352 j 

223 

Oat cake 

Rapid decline m v/eight aftei 
16th daj Died Scuivy 

Z 

23 

517 

j i 

.544 

315 

' i{ a 

Maikod loss m weight aftoi 
14th day Died Mild 

sciii vy 

10 

! 

SI 

230 

j 1 

1 

1 

o 

o 

495 

Oat cake and 10 gm 
banana 

Steady giowth In eAcellent 
condition at end of expeii- 
ment 
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TABLE I — Concluded. 



i 

Weight 



bC 

"S. 

.5 

’3 

a 

Duration 

Initial 

B 

d 

' a 

7 

1 

”3 

a 

Diet 

[ 

Notes 


days 

gm 

gm 

gm 



11 

83 

238 

335 

332 

Oat cake to 23rd day, 
oat cake and slightly 
less than 10 gm ba- 
nana thereafter, in 
last 10 days banana 
intake slightly above 
10 gm. 

Decline from 13th to 23rd day; 
increase to 39th day, de- 
cline to 49th day, steady 
gam theieafter Soreness 
of joints from 30th to 67th 
day. In excellent condi- 
tion at end of experiment. 

12 

72 

258 

433 

433 

Oat cake and 15 gm 
banana 

Fair growth, no scurvy 

13 

72 

338 

i 

476 

476; 

Oat cake and 15 gm. 
banana 

Fair growth, marked m crease 
in w'eight during last 12 
days No scurvy 

14 ^ 

72 

273 

518 

518 

Oat cake and 20 gm 
banana 

General but somewhat irreg- 
ular growth to 42nd day 
Regular growth thereafter. 

16 

72 

443 

594 

594 

Oat cake and 20 gm 
banana 

Fair growth No scurvy. 


symptoms were observed. Ingestion of quantities of banana less 
than this failed to give satisfactory protection against scurvy 
(Table I, Guinea Pigs D, G). Adult animals (Chait 2, Guinea 
Pigs A, B) maintained their weight or giew slowly, while younger 
animals (Chart 2, Guinea Pigs E, P) were barely able to maintain 
themselves, and in some cases showed maiked decline in body 
weight, but no scorbutic symptoms, eithei clinical or postmortem. 
These results would seem to indicate that the banana is greatly 
inferior to most other fruits and vegetables as an antiscorbutic. 

Inasmuch as the oat has been shown (3) to be deficient in the 
protein, inorganic salt, and fat-soluble A factors, and as the 
banana is also deficient in at least one of these same factors, it 
was felt that although the experiments had demonstiated a defi- 
nite antiscorbutic value of the banana, the results could hardly 
be judged on the quantitative basis in view of the above men- 
tioned deficiencies of the diet A greater amount of the anti- 
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scorbutic principle may be requisite -when the diet is not other- 
wise adequate to provide for noimal growth and maintenance. 



Days 

Chart 4 Guinea jPigs Y and Z were maintained on the oatmeal-casein 
cake without the addition of banana, and developed scurvy which resulted 
in death Guinea Pigs 10 and 13 received the same diet with a supple- 
ment of 10 and 15 gm of banana daily The animals were in excellent 
condition throughout the course of the experunent. 

Banana and Oatmeal-Casein Diet . — ^For the purpose of render- 
ing the basal diet more nearly adequate for normal growth, the 
following ration was prepared 
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Aiitocla\ed lolled oats 500 gm 

Wheat bian 100 “ 

Puiified ca-iCiu 40 “ 

Ra^^ milk 200 cc 

Calcium lactate 15 gm 

Sodium chloiide 15 “ 

D'stillcd ■water 400 cc 


The oats wcie heated in an autoclave for 30 minutes at 120®. 
The dry ingi-edients were thoroughly mixed, the liquids added, 
the past}" mass tras spread out m thin sheets, and dried at 75-80® 
The resulting cake was relished by the animals so that httle 
difficulty was experienced in seeming a daily intake of 20 gm. 

Guinea pigs maintained on this oatmeal cake developed scurvy 
as rapidly as on an exclusive oatmeal diet (Chart 4, also Guinea 
Pigs T, U. Table I) When this cake was supplemented by 
banana, not only ivas scurvy prevented, but lapid giowth in 
voting animals also occuri eel, gro-wth which was in striking contrast 
to the results obsciwed w'hen banana supplemented an exclusive 
oat diet This contiast is clearly shown m Chait 3 With this 
more complete diet piotection against scuiwy and normal growth 
w^cie obtained with 10 to 15 gm of banana Thus Guinea Pig 
10 ^.Chait 4) on a diet of 20 gm. of oat cake and 10 gm of banana 
daily gained 265 gm. m 81 days, increasing in w^eight from 230 to 
495 gm Sunilai results weie obtained with the other animals of 
this group (Gumea Pigs 10 to 16, Table I). It is evident that 
when supplementing a diet otherwise adequate, the bannna has 
considerable value as an antiscoibutic, although its potmev in 
this respect is not so gieat as that of the orange or potato. 

SUMMARY 

1. Guinea pigs feci on an exclusive diet of bananas aie 

to maintain then body weight and die m 20 to 30 claj^s. Autop^ 
reveals a condition of marked inanition, but no lesions chaiacterA 
istic of semvy. \ 

2. Bananas in amounts greater than 25 gm daily as a supple- ' 
ment to a diet of rolled oats prevent the onset of scurvy. Such 
a diet, howevei, does not permit noimal growth in young animals 
Less than 25 gm of banana as a supplement to the oat diet does 
not protect against scurvy- 
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3. Scurvy can be readily produced expeiimentally on a diet of 
autoclaved i oiled oats supplemented by bran, milk, casein, and 
inorganic salts When such a diet is furthei supplemented by 
banana, 10 to 15 gm. will serve to protect against scurv>\ Such 
a diet not only affords piotection against scurvy but results in 
rapid giowth of young gumea pigs 

4. These experiments suggest that a lower content of the anti- 
scorbutic prmciple may be sufficient to protect against scurvy if 
the diet is adequate in its content of the other essential dietaij'- 
constituents. 
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THE DETERMINATION OF CARBON MONOXIDE IN 

BLOOD. 

By DONALD D VAN SLYKE and HARALD A. SALVESEN. 

{From the Hosjntal of The Rockefeller Institute for Medical Research ) 

(Received foi publication, September 15, 1919 ) 

The determination of carbon monoxide, in blood may be per- 
formed by gasometiic, colorimetric, or spectrophotometric 
methods. 

Previous gasometric methods have been laborious and most of 
them required special apparatus (as those of Grehant, de Saint 
Martin, Nicloux, and others). The method employed by Zuntz 
and Plesch (1) seems to be the easiest. They determine the 
carbon monoxide in 1 cc. of blood, using ferricyanide to set the 
gases flee (CO and O 2 ) and burn the CO to CO 2 , which is absorbed 
by KOH. They calculate the amount of CO by the difference 
in pressure as in Haldane and Barcroft’s method for blood gas 
analysis According to the authors, the expulsion of the blood 
gases IS fir ished after 1 hour. 

The colorimetric method of Haldane (2) is based upon the fact 
that dilute carmine solutions have nearly the same color as dilute 
solutions of carbon monoxide hemoglobin. If it is known how 
much carmine has to be added to normal blood in order to give it 
the same color as blood completely saturated with carbon monox- 
ide, and it is determined how much of the carmine must be added 
to normal blood to give it the color of the blood with the unknown 
content of CO, a simple calculation by proportion will give the 
degree of saturation with carbon monoxide. 

This method seems to be very accurate in Haldane’s hands, 
while others, like Krogh (3), and Zuntz and Plesch (1), have 
been unable to obtain good results with it. Plesch (4) has modi- 
fied it, using a hemoglobin solution saturated with carbon monox- 
ide instead of carmine for the titration. 
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Spectroscopic methods have been used by Hufner and later by 
Hartridge (5). Krogh (6) has recently modified the method of 
the lattei and used it for the determination of the oxygen capac- 
ity of very small amounts of blood; his method is still rather 
rough, but he hopes to make it more accurate with finer 
instruments 

An easy gasometiic method seems still to be needed and we 
have worked out one which permits the determination of the 
carbon monoxide gasometrically in 2 ce of blood in the course of 
10 to 15 minutes We have emplo 3 md this method for the deter- 
mination of the blood volume anil foi the study of the action of 
carbon monoxide on blood 


The Method. 

The piinciple of our method is to set free the oxygen and car- 
bon monoxide from their combination with hemoglobin in the 
blood b}’’ addition of ferriej'-amde and then to lemove both gases 
with the help of a Torricellian vacuum in the Van Slyke apparatus 
for blood gas analysis The ox}'gen is absorbed in the apparatus 
by alkaline pyrogallate and the volume of residual carbon monox- 
ide is measured directh’ at atmospheric pressure, a correction 
being made for the small and constant amount of nitrogen gas 
physically dissolved bj' blood 

The procedure is, up to the time when the expelled gas is meas- 
ured, exactl}’- the same as that for the oxygen method described 
by Van Slj^’ke (7), and it is therefore unnecessarj’’ to repeat it 
here, the same amount of blood and the same solutions aie used, 
and onty the shaking has to be continued a httle longer befoie 
a constant reading is obtained This takes about 2 to 3 min- 
utes and is a little different for diffeient species of blood; it prob- 
ablj’' depends upon the facility wnth wdiich the blood is laked 

When the readmg of the xmlurae of the gas mixture, consisting 
of oxj'-gen, carbon monoxide, and a little nitrogen, is constant, a 
solution of alkaline pj'^rogallate* is introduced into the cup of the 
apparatus, is covered b\" a thin layer of paraffin oil, and is allowed 
to flow slowlj’^ down the inner wall of the graduated part of the 

^ Prepared by dissolving 10 gm of pyrogallic acid in 200 cc of strong 
potassium hydroxide (160 gm of KOH dissolved in 130 cc of water) 
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apparatus A little suction is produced during this pai t of the 
procedure by lowering the leveling bulb slightly 

The absorption of the oxygen is veij" rapid and is completed in 
less than 1 minute, the reading is taken and the p^u’ogallate solu- 
tion intioduced once more until a constant reading is obtained. 
The gas is then measured under baiometric pressuie in the same 
way as described bj" Van Slyke for caibon dioxide (8) and 


oxygen. 

As the solution is Yevy dark and it is a little difficult to get 
good readings of the meniscus, we have pioduced a new meniscus 
by letting a little water flow down after the pyrogallatc solution, 
the watei floats on the top of the fluid and one can get readings to 
about 0.002 cc Instead of water a few drops of octyl alcohol 
may be used. 

The apparatus is washed out twice with dilute ammonia solu- 
tion aftei each determination. 

Calculation ---The gas measured is i educed to standaid condi- 
tions by multiplying by the factor (0 999-0.0046 t) X ’ 

i being the temperature in ®C. If 2 cc of blood have been used, 
the values of this factor in Column 3 of Table I of VanSlyke’s 
paper on oxygen® may be used, the result then being expressed 
m cc. of CO pel 100 cc. of blood, w^hen the nitrogen correction, 
1.2 cc., IS subtracted 


EXPERIMENTAL. 

Air was analyzed in the Van Slyke apparatus in order to find 
the best way of absorbing the oxygen When the pyrogallate 
solution was introduced in the manner described above, the 
oxygen was absorbed in 30 seconds 
The method was tried in the following way. As the oxygen 
and the carbon monoxide replace each other m the combination 
with hemoglobin and the oxygen capacity equals the carbon 
monoxide capacity, blood wnth known percentages of carbon 
monoxide may be obtained by mixing diffeient amounts of blood 

® Van Shke, D D , / Biol Chem , 1918, xxxiii, 130 
“ The nitrogen correction is 1 2 per cent, instead of the calculated value 
0 9 per cent, i\hen actuallj' determined by Bohr and by ourselves 
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saturated with carbon monoxide with blood saturated with air. 
By taking, for instance, one part of CO blood and four parts of 
Oo blood, the analysis should give 20 per cent CO and 80 per 
cent O 2 . 

Table I shows the amounts of oxygen hnd carbon monoxide 
found by analysis and the amount calculated. 


TABLE I 




Found 

Calculated 


No 

Blood 

used 

Oxygen 

CO 

Propor- 
tion of 
hemo- 
globin 
saturated 
with CO 

Oxygen 

CO 

Propor- 
tion of 
hemo- 
globin 
saturated 
with CO 

Kind of 
blood 


CC 

CC 

cc 

per cent 

CC 

CC 

per cent 


1 

2 

0 212 

0 206 

50 7 


IjKj^ 

50 0 

Guinea pig. 

2 

2 

0 208 


49 8 

0 209 


50 0 

Same blood 

3 

2 

0 118 



0 117 


33 3 

Rabbit 

4 

2 


mm 

34 1 

0 116 


33 3 

Ox 

8 

2 






25 0 

Rabbit 

6 

' 

! 0 128 


24 5 

0 129 


25 0 

Ox. 

7 

2 



22 1 



20 0 

Rabbit. 

8 

2 

^^1 


19 43 



16 7 

it 

9 

4 



17 3 



16 7 

Same blood. 


It is seen from Table I how closely the found values agree 
with those calculated, except in No. 8, where the discrepancy is 
2.7 volumes per cent. By taking 4 ec. of the same blood instead 
of 2 cc., this error is brought down to 0.6 volume per cent. We 
therefore recommend the use of a little more blood, 3 or 4 cc. 
(and the correspondingly increased amount of ammonia), for 
analysis, if the percentage saturation of CO is very small and 
the actual amount of CO found m 2 cc. of blood is 0.05 cc. or less. 

In two rather rough experiments, two guinea pigs were given 
illuminating gas under a bell jar until they fell unconscious 
They were then taken out and blood was drawn by heart punc- 
ture for analysis. One of them died while the blood was being 
taken ; the other recovered and behaved normally an hour after- 
wards. 

Table II shows that a guinea pig can recover after carbon 
monoxide poisoning, even when the blood is 76 3 per cent satu- 
rated with carbon monoxide. 
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TABLE II 



0, 

CO 

Satura- 
tion with 
CO 

Remarks 

Guinea Pig 1 
" “ 2 

ee 

0 115 

0 080 

ee 

0 353 

0 258 


Died during bleeding. 
Recovered 


SUMMABT. 

A method is described for the determination of carbon monox- 
ide in blood, the technique of which is exactly the same as that 
previously described by Van Slyke for the determination of 
oxygen, except that after the gases are extracted the oxygen is 
absorbed in the apparatus by introducing alkaline pyrogallate 
solution. The carbon monoxide'remains and is measured directly 
at atmospheric pressure. 
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There is still much confusion regarding the exact value of the 
blood volume m human beings, though much woik has been 
done in this field of investigation Values for the blood volume 

for men aic given, ranging fiom ^ to g of the body weight. 

These vddely differing results have been obtained by the use of 
different methods. 

There arc one direct and scveial mdiicct methods for the deter- 
mination of the blood volume. 

Diicct milhod — ^W'eickei (Ij in 1854 was the fiist one to deteunme the 
blood volume by a method which still is legaided as the standaid, he bled 
animals to death, cashed out the vessels with natei, and e.vti acted the 
hemoglobin still icmainmg m the tissues by mincing the organs minus the 
bile and the content of the hovels, and placing them m watei foi several 
days By compaimg the hemoglobin content of the fust blood and the 
blood vashmgs and extracts brought togethei, he found the blood vol- 
umes of mammals to constitute ^ of the body weight The same value 

was obtained foi human beings by Bischoff (2'), who used this method on 
tvo ciimmals 

Welckei’s method has been modified and impioved by several investi- 
gators, but the geneial principle is the same as m 1854 The lesiilts ob- 
tained in animals with this method have differed because of incomplete 
washing and extinction, and the use of inexact methods foi the hemoglobin 
determinations 

Indued methods — These methods must be used in expoiiments on living 
animals Theie are vaiious pimciples foi the indiieet deteimination of 
the blood volume The best of them may be divided into tAvo gioups 
(1) A known amount of an easily determinable substance, which is kept 
within the cnculatoiy system for a sufficiently long time for thorough 
mixing, IS intioduced into the blood and the concentiation of it detei- 
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mined (2) The blood ‘is either (a) diluted, or (5) concentrated in various 
•ways, and the blood volume calculated from the variation in the content 
of hemoglobin or 6orpuscles 

Grou-p 1 (a) Carbon Monoxide Method —The principle of this method 
IS to administer a certain amount of carbon monoxide gas to the individ- 
ual, and then to determine the degi ee of saturation of the blood ■with CO 
or the actual amount of CO per unit of blood It was first used by Grehant 
and Quinquaud (3), and later by Haldane and Smith (4), Oerum (5), Doug- 
las (6), Boycott and Douglas (7), and Plesch (8) (&) The dye method of 

Keith, Rowntree, and Geraghty (9) is the method most widely used for 
the piesent in clinical work A dyestuff, vital red, is injected intraven- 
ously and determined colonmetrically in the blood The relative amounts 
of plasma and corpuscles are determined by the hematocrit method (c) 
The antitoxin method of von Behring (10) is based upon the observation that 
tetanus antitoxin remains in the circulation for a long period, a known 
amount is injected, and the concentration then determined in the blood 
(d) The acacia method of Meek and Gasser (11) haa been tried only in ani- 
mals so far, and the experience is not larg^ enough to judge of its utility 
Acacia is injected and determmed in the blood as furfurolphloroglucme 
Group 2 (a) Dilution Methods . — ^The only one of these methods which 
has withstood criticism is based upon the observation of Cohnstein and 
Zuntz (12) that isotonic sodium chloride solutions are kept m the circula- 
tion for a relatively long time, and diffuse very slowly out mto the tissues, 
this is utilized for the determmation of the blood volume, the red cells 
bemg counted before and after infusion. Plesch (8) seems to have devel- 
oped this method to further exactness by determmmg the hemoglobin 
mstead of the cells with the help of his chromophotometer As the varia- 
tions in the cell or hemoglobin content obtained by dilution hardly exceed 
10 per cent, the exactness of the method evidently depends on how accu- 
lately these constituents of the blood can be determmed. 

(b) Concentration Methods . — ^The method of Taichanoff (13), who detei- 
mined the hemoglobin before and after a steam bath and the decrease in 
weight through loss of u ater, and calculated the blood volume from these 
two factors, has been justly ciiticized and cannot be relied upon, as the 
water may be derived from other sources in the body than the blood 
Qumcke (14) transfused blood wuth a ceitain amount of red corpuscles 
to two anemic patients and calculated the blood volume fiom the increase 
m the led count Lmdeman (15) uses the same piinciple These meth- 
ods can only be used in anemia. 

Of these methods only three are of practical value for physiological and 
clinical purposes, they are the carbon monoxide method, the infusion 
method of Cohnstein and Zuntz, and the vital led method. 

The results obtained by these methods vaiy In animals, both the car- 
bon monoxide method and the infusion method have given nearly the 
same values as the Welcker method, Grehant and Quinquaud (3) found in 

nme dogs values from ~ to of the body weight with the CO method, 
11 lo o 
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’wliieh correspond to Welcker's own results in dogs Douglas (6) found a 
close agreement between the CO method and the bleeding method in five 
rabbits, Boycott and Douglas (7), repeating the experiments later, found 
a little higher value with the CO method (2 pei cent) Plesch (S), in dogs, 
tried subsequently the CO, the infusion, and the bleeding method, and the 
results were uniform The vital led method has never been checked up by 
the Welcker method as far as can be seen from the liteiature 

In human beings the results are widely diffeient Bischoff’s values, 

~ of the body weight, uere regaided as the standaid until Haldane and 
lo 

Smith (4), with the CO method and caimine titration, in fourteen normal 
men found the highest value bemg ^ and the lowest — (m a very fat 

man). Oerum (5) using the same technique, found in men 

women z:r~^ Plesch (8), using a gasometnc method for the CO deter- 
21 o 

1 

jnination in four men, found the average ratio also in five persons, 
some of whom weie lepoited to be fat, he determined the blood volume 
with the mfusion method and found Bisohoff’s lesults, therefore, 


seem to be too high, inasmuch as the two criminals were hardly normal 
individuals, one at least suffering from scurvy The method used is also 
open to ciiticism 

Douglas (16), in 1910, made a senes of determinations with the CO 
method on himself and another subject with Haldane’s technique, but 
waited a longer time before he took the blood sample for analysis These 

results show a mean value of for his own and for the other sub- 


ject, values more in accordance with those of Bischoff He found eriors 
in Haldane and Smith’s deteiminations due to incomplete mixing of the 
blood, as the blood sample w'as taken too early after the breathing of the 
carbon monoxide. 

In 1915 Keith, Rowntree, and Geraghty (9), with their vital red method, 

found still higher values, the mean in normal men being of the weight 

11 0 

This method has never been controlled by the Welcker method as far as 
can be seen, but the authors show its leliability toward lelative changes 
by drawing a certain amount of blood and findmg a corresponding diop 
in the blood volume 


It may be seen from this review of the literature how uncertam 
is our knowledge of the blood volume in human beings. Since 
the carbon monoxide method m animals has given satisfactory 
results as compaied with the standard method of Welcker, and 
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in human beings the results obtained by the various investigators 
have differed vidcly, it seems worth while to make further inves- 
tigations in this field, especially since the technique used before 
has been rather difficult 

It seems certain, aceoiding to Douglas, that Haldane and 
Smith’s figures arc too small, and so must be the figures of Oerum, 
as he used the same technique. Theie remain therefore,, onlj' 
the determinations of Plesch m foui peisons, giving the average 

of and those of Douglas, on himself and another man, giving 

1/ J j j 

the values of and of the body w^eight. 

The carbon monoxide method has been criticized by Dieyor 
(17) and his cowoikers, who, in rabbits, used Haldane and Smith’s 
technique, and got so much divergence m the figures that thev 
concluded it could not be used in its present form. They there- 
foie determined the blood volume by injecting m rabbits’ blood 
a knovn amount of agglutinin, detei mined the percentage in the 
seium, then washed out the cii dilation, and determined the per- 
centage of agglutinin in the washing They claim the blood 
volume to be a fimetioii of the suiface area, so that, foi instance, 
smallei rabbits have a relatively higher blood volume than the 
larger ones. 

The adverse criticism of the caibon monoxide method may be 
due to the difficulty of the technique, as the carmine titration of 
Haldane requires long training and a highly developed color 
sense. All the carbon monoxide determinations m the present 
paper are performed wuth the help of the gasometric method, 
des(fi’ibed in the preceding paper, which makes the whole tech- 
nique much sunpler and fitted for general use. 

Boocl Volume Determimtiotis in Animals. 

The lesults of numerous determinations of Boycott and Doug- 
las (7) show that rabbits’ blood constitutes from ^ to of 

the body weight, as determmed both with the carbon monoxide 
and the w^ashing out method. The average of 52 rabbits wnth 

the washing out method wms 2^, or 4 77 cc. of blood per 100 
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gm. of body weight, while the carbon monoxide method (with 

the carmine titration) gave a httle higher result, or 5.5 cc. 
per 100 gm. 


Methods 

The arrangement used was that described by Douglas (6). 
It is therefore unnecessary to repeat it here. 

The principle is to let the rabbit breathe mto a closed system 
which is supplied with arrangements for removing the carbonic 
acid and renewing the oxygen. A measured amount of carbon 
monoxide is mtioduced into the apparatus, and 10 minutes after 
the entire amount is given a sample of blood is drawn from the 
ear vein and analyzed for carbon monoxide At the same time a 
sample of the air m the chamber is taken for determination of the 
O 2 , CO 2 , and CO. The blood volume is calculated from the 
amount of caibon monoxide absorbed by the animal and the 
concentration of it in the blood As m Douglas’ experiments, a 
tube connected with a bell jar, partly immersed in a glass of water, 
was introduced into the respiratory chamber, and served as an 
indicator of the pressure in the apparatus. While the air sample 
was drawn, the oxygen current was cut off and the water allowed 
to rise in the bell jar by raising the glass in order to compensate 
for the negative pressure produced by the sucking out of the air. 

The capacity of the apparatus (the chamber and the air in the 
rubber tubing, the pump, and the bell jar) was 750 cc., a little 
larger than that of the apparatus employed by Douglas (6), and 
Boycott and Douglas (7). 

The carbon monoxide was prepared by heating oxalic acid and 
concentrated sulfuric acid, and the gas was collected over water 
made alkaline with sodium hydroxide, with which the gas was 
shaken m order to get rid of the CO 2 . The gas was analyzed 
every 2nd day by shaking it in a Hempel pipette with cuprous 
chloride solution, which absorbs the carbon monoxide and O 2 , and 
from the amount of nitrogen left the air content of the gas was 
calculated. The gas first evolved was discarded. The carbon 
monoxide content of the rest was 95 to 98 per cent. 

The carbon monoxide in the blood was determined by the 
method described m the preceding paper, the blood, 4.5 cc. in 
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all, being diawii from the ear vein without stasis and kept under 
paraffin oil, 2 cc were used for each analysis. The hemoglobin 
was determined by the Palmer method (18) The air m the 
chamber was analyzed for O2 and CO2 m the Haldane-Henderson 
appaiatus. 

The deteimmation of the carbon monoxide left in the 
chambei could not be made by gasometric methods, and the 
method of Haldane (19) was employed, the piinciple of which is 
to shake the caibon monoxide-containing air with blood, to 
estimate coloiimetncally the percentage of saturation of the 
blood with carbon monoxide, and deduce from this value, and the 
percentage of O 2 piesent, the peicentagc of carbon monoxide in 
the ail As bloods of difterent species and also of different indi- 
viduals shoi\ different dissociation curves for the carbon monox- 
ide hemoglobin, as shown by Krogh (20) and Haldane (21), 
blood fiom a single sheep was used, m which the dissociation 
curve was pieviousl}" determined (preceding paper). The disso- 
ciation curve is a hyperbola of the formula 

(Oj pel cent age in an) ^ Hb CO _ 

(CO percentage in air) ^ Hb O2 

In the blood u*>ed K =179 at 24° 

Foi the deteimmation of the dissociation curve of the blood of 
oui sheep, 5 cc samples of the blood were lotated in bottles of 
known capacity fappioximately 1 litei\ filled with air plus known 
amounts of carbon monoxide The blood was first placed 111 the 
bottle, which was then closed by a stoppei containing a three-way 
capillary cock A known volume (1 to 4 cc ) of analyzed CO 
gas was then forced in from a niicro-gas-buiette, m which the 
volume dehveied could be read ovei meicury to within 0.002 cc 
The tubes of the cock were filled with the CO befoie the measured 
amount was admitted into the bottle, so that eirois due to dead 
space weie avoided The bottle with the blood and gas mixtuie 
was rotated foi 2 houis at 24°C. Tiial showed that equilibrium 
was obtained m this time. Samples of 2 cc. of blood weie then 
withdrawn and used for the deteimination of O 2 and CO as de- 
.scribed in the foregoing paper. The volume of CO taken up by 
the 5 cc. of blood was subtracted fiom the volume of CO orig- 
inally added, in oidei to estimate the amount left m the gas 
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phase. The oxygen concentration remained that of atmospheric 
air. 

The results obtained in four determmations are shown in the 
curve of Fig. 1. The cuiwe is the hyperbola plotted from the 
formula, with 179 taken as the value of K ; the crosses represent 
the results experimentally obtained. 
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Fig 1 The curve is the hypeibola plotted from the formula, with 179 
taken as the value of K, the ciosses lepiesent the results eviienmentally 
obtained 


The value of K being known, small percentages of CO in air 

could be ascertained by shaking the latter with a known volume 

of the blood and determining the Hb O 2 and Hb CO, the calcula- 

^ 219 HbCO 

tm\ hemg per cent CO in air ~ - X calculating 

179 JlbU2 

the actual peicentage of CO m the gas-samplmg tube allowance 
ivas made foi the amount of CO taken up by the blood with 
ivliicli the air was shaken The colorimetric determmation was 
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made by the method employed by Plesch (8), which is very simple 
and which gave fairly good results when used on blood with 
known percentages of CO. The principle is: Three samples of 
the same blood are saturated; No. 1 with air, No. 2 with CO, 
and No. 3 with the air containing the unknown percentage of CO. 
0.05 cc. of each sample is diluted with 10 cc. of a 1 per cent solu- 
tion of Na 2 C 03 in each of three small test-tubes of equal bore. 
No. 2 IS added to No. 1 until the color is the same as in No. 3. 
If, for instance, equal color is obtained by adding 2.5 cc. of No. 2 

2 5 

to 5 cc. of No. 1, then the degree of saturation is - = 33.3 

J. ii O I 5 

per cent. 

Results. 

In fourteen rabbits taken from the stock the blood volume 
was determmed. In two of the female rabbits the values obtained 
were much higher than the average, and they later proved to be 
pregnant. They were placed in a separate group and the blood 
volume determined agam, post partum. In some of the other 
rabbits the blood volume also was determmed twice. The 
results are given in Tables I to V. 


TABLE 1. 

Normal Male Rabbits. 


Rabbit 

No, 

Date 

Weight 

1 

Hemoglobin 

Blood 

volume. 

Relation 

to 

body 'ft eight ! 

Cc per 100 
gm 


1919 

gm 

per cent 

CC 

1 

19 1 


77 

July 3 

1,500 

(?)* 

79 4 

5 20 

93 

“ 8 

1,900 

(?)* 

95 7 

1 

19 9 

5 02 

89 

i 

“ 10 

1,600 

93 4 

j SO 9 

1 

19 S 

5 05 

SO 1 

“ 10 

2,250 

94 3 

107 1 

1« 

21 

4 76 

99 

« 14 

3,010 

86 2 

146 9 

1 

20 5 

4 88 

82 

“ 14 

2,200 

87.7 

115 4 

1 

19 06 

5 25 

98 

“ 15 

2,200 

93 4 

111 1 

1 

19 8 

i 5 06 


* Determinations lost because of an incorrect hemoglobin standard 
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TABLE 11. 

Not mal Female Rabbits 


Rabbit 

No 

Date* 

1 

Weight 

Hemoglobin 

Blood 

volume 

Relatioa 

to 

body wei^t 

Co perlOO 
gm 


1916 

gm 

per cent 

cc 



66 1 

July 2 1 

2,300 

(?)* 

122 2 

1 

Ws 

5 30 

76 

« 7 

1,250 

83 3 

50 8 

1 

24.6 

4 06 

88 

« 9 

1,960 

86 2 

100 6 

1 

19 4 

5 14 

S3 

« 11 

2,630 

76 9 

129 2 

1 

20 3 

4 93 

87 

“ 11 

2,320 

51 4 

127 5 

1 

1 1 
18 2 

5 49 


* Determination lost because of an incorrect standard 


TABLE m 

Repeated Determinations 
Male Rabbits 


Rabbit 

No 

Date 

1 

Weight 

Hemo- 

globin 

Total oxy- 
gen 

capacity 

Blood 

volume 

Ratio 

Cc per 
100 gm 


1919 

1 

ffm, 1 

percent 

CC 

CC 

1 

19 9 


93 

July 8 

1,900 

(9)* 

(?)" 

95.7 

5 02 


“ 21 

1,940 

59 3 

10.14 

92.4 

B 

4.76 

77 

“ 3 

1,500 

(9)* 

(9)* 

79 4 


5 20 


“ 18 

1,540 

75 0 

13 87 

72 9 


4 74 

SO 

“ 10 

2,250 

94 3 

18.68 

107 1 

1 

1 

21.1 

1 

22.2 

4 76 


« 17 

2,270 

90 9 

17 54 

102 1 

4 SO 

99 

“ 14 

3,010 


21 08 

! 

! 146 9 

1 

20 5 

4 88 


" 18 

3,070 

' 74 1 

22 33 

162 1 

1 

18 9 

5 29 


* Determination lost because of an incorrect standard 
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TABLE IV 

Repeated Determinations 
Female Rabbits 


Rabbit 

No 

Date 

Weight 

Hemo- 

globin 

Total oxj - 
gen 

capacity 

Blood 

volume 

Ratio 

Co per 
100 gm 


1919 

gm 

per cent 

! cc 

CC 



76 

July 7 


S3 3 

! 

7 S3 

50 8 

1 

Wq 

1 

20 2 

4 06 


“ 15 


66 6 

8 30 

i 

66 8 

4 95 

SI 

“ 11 


51 4 

12 12 

127 5 

1 

18 2 

1 

17 8 

5 49 


“ 17 


47 4 

11 44 

129 0 

5 62 


TABLE V 


Blood Volume in Piegnant Rabbits befoie and after Teim 


1 




A 

2 

5 



0 


■s 

Determination 

made 

Date 

Weight 

s 

-21 
el S' 

■gS 

> 

•02 

5 n 

2 3 

Ratio 

U 

ag 

0 60 

Remarks 

K 




hM 


n 


Q 




1919 

gm 

per 

cent 

CC 

cc 





Befol e 

July S 

2,650 

69 4 

22 86 

177 3 

1 

6 70 

Youne ones. 

65 






14 9 


July 15 


6 daj s post 

“ 21 

2,290 

76 3 

15 24 

108 3 

19 4 

5 14 



partum 









Befoi e 

" 9 

2,560 1 

94 0 

24 29 

141 1 

1 

5 52 








IS 1 





“ 16 

2,570 

74 4 

22 2 

161 3 

1 

15 3 

6 54 

Young ones, 

87 

CC 







July 20 


11 dajs 

“ 31 

2,350 

76 3 

15 59 

110 5 

1 

4 72 



‘aftei 






21 2 




In Tables III and IV is introduced a column, “total oxygen 
capacity,” the figures m which indicate all the oxygen with which 
the blood is able to combine, calculated fiom the blood volume 
and the hemoglobin percentage In oiu hemoglobm standard 
100 per cent equals 18.5 volumes per cent of O 2 . 
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DISCUSSION. 

The lesiilts are expressed in parts of the crude body weight, 
though this may vary for various causes, such as food intake, 
content of bowels, etc The average value for the blood volume 
in seven male rabbits (eleven determinations, Tables I and III) 

is of the body weight, or 4.95 cc. per 100 gm. The average 

in five non-pregnant female rabbits (seven determinations, 

Tables II and IV) is of the weight, or 5.02 cc. per 100 gm. 

If the two deteiminations from Table V in rabbits post partum 

are added, the mean for all seven females is the same, g", or 

5 0 cc. per 100 gm. The results are in accordance with those ob- 
tained by Boycott (7) and cowoikers with the washing out method. 

The repeated determinations m Tables III and IV show a fairly 
close agreement in some of the rabbits, while m Rabbits 99 and 76 
theie is a considerable difference. But the total oxygen capacity 
IS nearly constant in these two rabbits. Rabbit 76 had increased 
in weight from 1,250 to 1,350 gm , and to get comparable values 
the oxygen capacity m the first determination has to be multi- 
1,350 

phed by ^ = 1.08, and this gives the value of 8.46 cc 

which 1 ^ very close to the value found the second time, 8.30 cc. 
The same phenomenon is seen in the pregnant rabbit. No 87, of 

Table V. The two determinations before partus gave r~ and 

J lo.l 

of the weight, which is a large increase m the blood volume 

The hemoglobin concentration chopped, however, so that the 
oxygen capacity of the total blood supply of the animal remained 
constant, the blood merely havmg become diluted m the inteival 
between determinations. About a week after partus the blood 
volume was again normal 

The blood volume of the labbit, therefore, seems to be able to 
change normally, piobably m the way that fluid passes m and 
out through the capiUaiie^, a phenomenon m analogy with what 
has been obseived in human beings m shock. Rabbits 99 (Table 
III), 76 (Table IV), and 87 -(Table V), in which these changes in 
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the blood volume and constancy of the total oxygen capacity 
were so marked that they cannot be due to exper mental error, 
show the smallest volume the first time, when they were unex- 
perienced and scared when put mto the apparatus, and a larger 
volume the second time, when they were used to the procedure. 
The material is too small, however, to draw any conclusion on 
this point, but Douglas has observed the same phenomenon of 
changes in the volume and constancy of oxygen capacity. 

Table V shows the well known fact that pregnant animals have 
a laiger blood volume absolutely and relatively than non-preg- 
nant. A week post partum the blood volume is restored to the 
normal value. 

Blood Volume Determinations in Human Beings. 

The arrangement of apparatus was nearly the same as that de- 
scribed by Haldane and Smith (4), except that an ordinary Wolff 
bottle, filled with sticks of potassium hydroxide,^ was used for the 
absorption of the carbonic acid, as seen in Fig. 2, and the experi- 
ments lasted longer, the subjects breathing for 10 to 15 minutes 
after the entire amount of carbon monoxide was given. The 
oxygen was supphed from a cylmder as rapidly as was necessary 
in order to keep the amount of gas in the bag approximately 
constant. The estimation of the relative volume of air in the 
bag was facihtated by placing the bag horizontally with ’a scale 
behind it as an indicator of the degree of filling 

The apparatus was fiUed with carbon monoxide to the three- 
way stop-cock before the expenment was started. The volume 
of the connecting parts and the bag, filled with air to the mark, 
was 3,700 cc For the calculation of the amount of carbon 
monoxide left the volume of the lungs must be added; this is 
about 3,000 cc., and the total volume of the air in which the carbon 
monoxide was distributed thus was 6,700 cc. 

The blood, bemg assumed to constitute not less than “ of the 
body weight, the amount of carbon monoxide given to the sub- 

' Potassium hydroxide was used because of the high solubility of the 
potassium caibonate formed during the experiment, this carbonate was 
washed out by rinsmg the sticks with water now and then 
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ject was so calculated that the saturation of the blood with carbon 
monoxide would not exceed 20 to 25 pei cent. Foy mstance, 
with the body weight 70 kilos, hemoglobin 120 per cent, blood 
70 

volume at least rr =3.7 liters, and as 100 pei cent hemoglobin = 



Fig 2 A, lubber bag, B, volumetric measuimg cylinder foi carbon 
monoxide, C, three-way stop-cock, D, Wolff bottle for removing the car- 
bon dioxide, E, mouthpiece, F, tubing connected with the oxygen cylinder 


18.5 volumes per cent of O 2 capacity, the capacity in this case 
would be 22.2 cc per 100 cc. of blood; per 3,700 cc. it accordingly 
would be 821.4 cc. One, therefore, could safely give 164 cc. of 
carbon monoxide reduced to standard conditions (760 mm. and 0®). 

The blood sample was drawn without stasis from the arm vein 
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and kept under paraffin oil. The carbon monoxide was deter- 
mined* by the method of Van Slyke and Salvesen,^ 3 cc. being 
used for each determination, as the carbon monoxide content 
of the blood is rather small in these experiments. 

The air in the bag was analyzed for oxygen, carbon dioxide, 
and carbon monoxide after each expeiiment, as in the animal 
experiments. In all except the last experiment the amount of 
carbon monoxide left was about 2 cc • 1.47, 1 902, 2.53, 1.832, 
1.96; average 1.938 cc In the last experiment it was 4.42 cc., 
but m this case more oxygen was given than necessary, and the 
oxygen content of the bag was 33 per cent. This probably 
accounts for the slower absorption of the carbon monoxide, the 
dissociation curve of the carbon monoxide-hemoglobin being 
depressed when the oxygen percentage increases. If the experi- 
ments, therefore, are always performed in the same way, the 
amount of carbon monoxide left is constant, and if the appa- 
ratus has the same capacity as used in the present experiments, 
the correction which must be subtracted is 2 cc. The experi- 
ments done in this way are much simpler, the only determination 
which must be done being that of the carbon monoxide in the 
blood. 

Six healthy individuals were examined, rangmg in age from 23 
to 37 years. The material was rather uniform as all were young 
people without any adipositas. The results are given in Table VI. 

The average blood volume found was 3,888 cc., constituting 

of the weight, or 5.95 cc. per 100 gm. The extremes are 

r~^ and r;:^. The laigest volumes were found in Nos. 1 and 6, 
14: O ly Uo 


both of whom are tall and slim, especially No. 6 who is abnor- 
mally thin, and weighs much less than would correspond with 
his height. In No. 1 two determinations were made and the 
difference found is only 7 cc. of blood. 

The mean value, then, is a httie larger than that of Plesch, 

who found and smaller than that of Douglas, who found 


in two persons and 


1 

12.5 


* Van Slyke, D D , and Salvesen, H. A , J Bwl Chem,, 1919, xl, 103 
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All the persons expeiimented on felt comfortable, and did not 
have any disagreeable sensations. The breathing was easy, and 
even a certain degree of dyspnea is not likely to interfere with the 
use of this method in pathological cases. Former investigators 


TABLE VI 

Blood Determinations in Human Beings 





1 

Dura- 

tion 

1 

1 

Hemo- 

Blood volume 

No 

Date 

Name 

Age jweight 

f j 

glo- 

bm 

■ 

Eatio 

Co 

per 100 
gm 

1 

1019 

July 28 

Aug 1 

Di H S 

yra ' Lg 

30 j 68 8 

68 8 

1 ver 

1 cent 

32 ill4 

i 

1 

35 ill4 

1 

cc 

4,594 

4,601 

1 

14 97 
1 

14 82 

6 67 

6 74 

2 

July 29 

]Mr A S 

26 i 60 9 

28 j 

124 9 

3,464 

I 1 

17 6 

5 68 

3 

“ 29 

Di H A 

36 ' 66 4 

23 

118 

3,479 

1 

19 08 

5 23 

4 

“ 30 

Di V S 

37 ; 72 7 

1 

1 

27 ' 

113 

3,877 

1 

18 7 

5 36 

5 

“ 31 

• 

Di J T 

1 

28 61 , 

23 ' 

114 

3,429 

1 

17 7 

5 65 

6 

Aug 1 

Ml R T 

23 1 62 7 

i 

1 

22 , 

j 

116 

4,380 

1 

14 3 

6 99 

Average 



65 4 1 

1 1 

1 

1 

1 ' 

3,888 

1 

B 

5 95 

1 


have used the carbon monoxide method m heart, ladney, and 
anemic cases without any difficulties. 

It is hoped that the blood volume method with the easy tech- 
nique for the caibon monoxide detei ruination will be of more 
practical value than bcfoie 
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SUMMARY. 

Determinations of the blood volume by the carbon monoxide 
method with the simple technique previously described for the 
blood analysis have been made m fourteen rabbits and six normal 
men Eleven determinations m seven male rabbits show an 

average blood volume of of the body weight, or 4.95 cc per 

100 gm Nine determinations m five non-pregnant female rabbits 
1 

show an average of '“q, or 5.0 cc. per 100 gm. 

In two pregnant rabbits the blood volume was largely increased, 
absolutely and relatively, about a week post partum it was 
restored to normal again. 

The blood volume of rabbits may change from time to time, 
but the total oxygen capacity remains constant. 

Seven determinations in six healthy men show an average of 
1 

of the body weight, or 5.95 cc. per 100 gm. 

The author wishes to express his thanks to Dr Donald D. 
Van Slyke on whose initiative this work was undertaken, and to 
Mr. Arthur H. Smith for his technical assistance during the 
experiments. 
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A NOTE ON THE DETERMINATION OF CATALASE IN 

BLOOD.-^ 

By MEVER BODANSKY 

(From the Chemical Laboratonj, U S Army Genet al Hospital No 9, Lake- 

wood, N J ) 

(Received for publication, September 3, 1919 ) 

Dming the course of severaf hundred determinations of cata- 
lase in the blood of normal and pathological individuals accord- 
ing to the method employed by Burge/ the author observed a 
consistent vaiiation of from 15 to 35 per cent m the volume of 
oxygen evolved, depending upon the hydrogen peroxide solution 
used. The hydrogen peroxide used m these determinations was 
prepared by diluting cqmmeicial 3 per cent hydrogen peroxide 
solution with an equal volume of distilled watei 

Method 

0 2 cc. of the blood was placed in a small crucible Avhich Avas 
intioduced into a bottle containing 100 cc of appioximately 1 5 
per cent (4.6 Amlume per cent) hydrogen peroxide and a drop of 
capiylic alcohol The bottle, Ai’hich Avas kept at 22°C in a watei 
bath, Avas shaken 120 double shakes per minute for 10 minutes 
and the oxj^gen evolved was conducted thiough lubbor tubes 
into mvei’ted burettes and measuied The volume of oxygen 
obtained A^aned betAveen 275 and 425 cc AAuth different bloods. 

In a later paper Burge^ states that he found it necessary to use 
the same uiake of hydiogen peroxide m all the determinations 
as the diffeient makes gaA'^e different results For his work he 

''Published uith peimission of the Chief of the Laboratoiy, Lt T. E. 
Buckman 

^ Bulge, W E , Am J Physiol . 1916, xh, 153 

* Burge, W E , Kennedy J , and Neill, A S , Am J Physiol , 1917, 
xlm, 435 
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purchased 200 liters of hydiogen peroxide which was kept in a 
container in a dark, cool place. 

It has been found, m this laboratoij', that different samples of 
the same make of hydrogen peroxide often gave results which 
differed by 15 to 35 per cent Smce all the samples contained the 
same preservative (acetanilide) m approximately the same 
amount (0.05 per cent), it was assumed that the discrepancies 
were due to the difference in the acidity of the various samples. 

A series of experiments was performed to test this assumption. 
A set of II 2 O 2 solutions, 5.8 volumes percent, containing var 3 dng 
amounts of HCl or NaOH was prepared. As alkahne solutions 
of hydrogen peroxide decompose on standmg, the solutions for 
these experiments were freshly prepared. 

2 ec. of blood containing a shght trace of potassium oxalate 
were diluted to 200 cc. with distilled water. 5 cc of this solu- 
tion, equivalent to 0.05 cc of the blood, were placed in a small 
crucible and introduced into a bottle containing 20 cc. of hydro- 
gen peroxide solution and one drop of caprylic alcohol. The 
bottle, kept at 22°C. in a water bath, was shaken 120 double 
shakes per minute for 10 minutes. The oxygen evolved was 
conducted through rubber tubes into inverted burettes and the 
volumes measured at intervals of | minute. All gas volumes 
were calculated to standard conditions; %.e., 0°C. and 760 mm. 
Hg. pressure. 

The results are given m Charts 1 and 2. 

A reference to the charts will show the effect of acid and alkali 
on the velocity of the reaction. The activity of the enzyme 
catalase was completely inhibited when the hydrogen ion con- 
centration was pH 1, and was slight in a concentration of pH 2. 
The velocity of the reaction increases as the acidity of the hydro- 
gen peroxide is decreased and is greatest when the solution is 
shghtly alkaline. The activity of the enzyme was considerably 
retarded when the concentration of the NaOH was above pH 11. 

Falk, McGuire, and Blount® point out that there is no well’ 
defined hydrogen ion concentration for maximum action with 
oxidase, peroxidase, and catalase. According to Sorensen,^ the' 

® Falk, K G , McGuire, G , and Blount, E , J. Biol Chem , 1919, 
xxxviii, 237 

* Sorensen, S P L , Biochem Z , 1909, xxi, 288 •* 
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optimum hydrogen ion concentration for catalase depends on 
the duration of the reaction. Thus he finds pH 6.73. the opti- 
mum for 320 minutes, and pH 7.1 for 40 minutes. With blood 
catalase under the experimental conditions stated above, I find 
the optimum to be about pH 7.5 for 10 minutes, about pH 8 for 
5 mmutes, and about pH 10 for 2 mmutes. 



Time in minutes 

CH4.RT 1 Curves showing the effect of the hydiogen ion corcenti ation 
of the hydiogen pei oxide on the velocity of the leaction between catalase 
and hydrogen peroxide 

As far as I am aware, theie is no satisfactory absolute method 
for the determination of catalase. Nearly all the methods in 
use give relative result's Slight changes m temperature, impuri- 
ties in, and the leaction of the hydiogen peroxide mfluonco the 


■ran JOtrKxtL or BioiOQicUi CHLMriTBi, %oi tl, xo 1 
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reaction very materially. These experiments emphasize the 
caution which must be exercised in maintaining uniform condi- 
tions especially when a series of determinations is made over a 
long period of tune. 



pH 1 2 3 45 67 8 910111213 


Chaht 2 Curve showing the effect of the hydrogen ion concentration 
of the hydrogen peroxide on the volume of oxygen evolved in 10 minutes. 

The author’s thanks are due to Lieutenant T. E. Buckman and 
Lieutenant G. L. Foster of this laboratory for their helpful 
suggestions. 




THE ACTION OF FURFUROL AND DEXTROSE ON 
AMINO-ACIDS AND PROTEIN HYDROLSATES. ‘ 

Bi C T DOWELL and PAUL MENAUL 

\Fi(iw the Agurdhi^al Eipcnmcnt Station, Ollakoma Agricultural and 
Meehan u(tl College, Stillwatei ) 

(Received foi publication, September 22, 1919 ) 

While hvcliolyzing the whole plant, including the seed, of some 
gram sorghums, we noticed that a large amount of furfurol was 
given off, and since we obtained an unusually large per cent of 
the nitiogeii m the humin it occurred to us that this might be due 
to a reaction between the aniino-acids and furfurol A survey of 
the litciatiiio seems to confirm this idea For example Grmdley 
and SlatcU found 15.79 per cent of the nitrogen m the humin 
fonned m the hvdioly&is of alfalfa hay, which was a much larger 
amount than that found in any other substance. NoUau^ obtained 
13 75 per cent of humm nitrogen from wheat bran. Hart and 
Suie^ found 11.83 per cent of humm nitrogen when xylan was 
added in the hvdioly&is of casern. Gortner^ studied the action of 
formaldehyde, benzaldehyde, and furfurol on certain amino-acids 
and states that the humm nitrogen is probably due in great part 
to the formation of furfurol m the hydrolysis of the protein 

We found, m attempting to apply the Van vSlyke method to 
analysis of the hvdiolsate from the grain sorghum plant, not only 
a large amount of humm nitrogen but also incomplete precipi- 
tation of basic acids which was unexpected as 15 gm. of phos- 
photungstic acid had been added. The addition of 50 gm. of 
the acid was requiied foi complete precipitations This amount 
precipitated fiom 30 to 33 per cent of the total nitrogen. Only 

^ClniKllo^ II S, and 81alei, M E, J Am Chem. Soc., 1915, xxxvii, 
2762 

-Nollau, E H . J Bid <'h m , 1915, xvi, 611 
11a' t, E B , and tfuio, B , 7 Biol Chem , 1916-17, xxvni, 241 

^Goijnci, R A . 7 B.ol Clnn , 1916, xwi, 177. 
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a small amount of the precipitate redissolved on warming, nor was 
it possible to decompose it except to a slight extent with ether- 
amyl-alcohol mixtuie. Grindley, Nollau, and others who have 
applied this method to feedstuffs do not mention having had such 
difficulties. However, Brewster and Alsberg® in an article which 
appeared after we had decided to discontinue our efforts to apply 
the method state that they obtained a much larger per cent of 
nitrogen in the phosphotungstic precipitate than should he ob- 
tained, and attributed this partly to the precipitation of the humm 
nitrogen by the phosphotungstic acid. They had the same 
difficulty as we in dissolving the precipitate. It seemed to us 
that this trouble was caused by the humin which remained in 
solution even after it was made alkaline, but was precipitated by 
the phosphotungstic acid. 

These difficulties led us to study the action of furfurol and 
dextrose on ammo-acids and protein hydrolsates. One would 
expect that some of the amino-acids would react more readily 
with aldehydes and sugars than would others, and if this is true 
it would make the apphcation of the Van Slyke method to feed- 
stuffs useless. The results obtained by McHargue® in hydro- 
lyzing casein in the presence of starch for different lengths of time 
might be due to the difference in reactivity of the amino-acids 
with sugars or aldehydes We have succeeded m obtaining but 
a few of the amino-acids. However, it is thought worth while to 
report the results already obtained and also our study of the action 
of furfurol and dextrose on amino-acids and protein hydrolsates. 

expbuimental. 

Action of Furfurol on Armno-Actds 

Determination of the ammo nitrogen was made by the Van 
Slyke method on the stock solution of the ammo-acids and on the 
solution boiled with HGl and furfurol m acid solution. The 
results are shown in Table I. Two trials were made with glycine 
without getting evidence of a reaction between it and furfurol. 

It was found that furfurol, when boiled with HCl, changes mto 
a black humin-like mass and it was thought that the decrease m 

® Brewster, J F , and Alsbeig, CL,/ Biol Chsm , 1919, xxxvii, 367. 

® McHargue, J S , J. Agric Research, 1918, xn, 1 
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TABUS I. 


Action of Furfuiol on Annno-Acids in 10 Pei Cent HCl 


Acid 

Time boded 

Amount of 
furturol 

Volume of 
ammo Ns in 

10 tc of 
solution 

Ns recovered 

Tyrosine 

hrs 

2 

CC 

0 

5 9 

per cent 

89 8 

C£ 

2 

1 

5 3 



2 

0 

27 0 


<( 

2 

2 

24 5 

90 7 

Cystine 

2 

0 

32 5 

1 

Ct 

o 

1 

27 5 

84 6 

Glycine 

2 

0 

33 7 

100 0 


2 

1 1 5 

33 5 



ammo nitrogen might be due to adsorption by this substance. 
To determine whether or not this was true 50 gm. of grain soighum 
plant, ground to pass thiough a 20 mesh, weie hydrolyzed 
in an autoclave at 20 pounds pressure in 10 per cent HCl for 3 
hours (we had shown this to give complete hydrolysis) and the 
humm was washed with 2,600 cc. of hot water by decantation. 
It was then w^ashed m the same way with another 2,500 cc. and 
this last was evapoiated to 25 cc. and the ammo nitrogen de- 
termined, 2.14 mg were obtained. The 18 gm. of humin con- 
tained 165.4*mg. of amino mtiogen. This with a similar result 
showed that our results with the ammo-acids given in Table I 
were not due to adsorption. 

Acti 07 i of Furfural on Protein Hydrolsates. 

Samples of shrimp, casein, wool, and salmon were hydrolyzed 
m an autoclave as already desciibed and, after filtering off the 
hmnin, poitions of the solutions, ■which had been made neutral, 
were boiled m HCl solution with the addition of furfurol The 
results are shown in Table II. The substances were selected so* 
as to have hydrolsates containing largely basic acids m some 
solutions and mono-acids in others. 
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TABLE n 

Action of Fuifwol on Protein Ilythohatr's m Atid 


Hydrolsate 

Volume of 
ammo Ns 
m 10 cc of 
solution 
before 
treatment 
with 
furfurol 

Amount 
i of 

i furfuiol 

Concen- 
tiation of 
acid 

Time of 
boiling 

Volume of 
nniino Nj 
in 10 00 
of bolution 
at Li tieit- 
ment V ith 
fulfill ol 

Ammo Ns 
lecovered 


CC 

cc 

per cent 

hrs 

CL 

per cent 

Shrimp 

29 4 

1 

10 " 

2 

29 0 

98 6 

Casein 

12.0 

1 

10 

2 

11 5 

95 8 

Wool 

27 3 

1 

10 

2 

26 .3 

96 4 

Salmon 

39 0 

1 

10 

2 

36 3 

93 0 

Shrimp 

16.4 

2 

5 

16 

13 1 

79 8 

Wool 

17 4 

2 

5 

16 

13 5 

77 5 

Salmon 

23 35 

2 

5 

16 

17 5 

74 9 


TABLE in. 

Effect of Concentration of Acid on Reatiion heliveen Fuifwol and Casein 

Ilijdi olsate 


Concentration 

ofHCl 

Time of 
boiling 

Amount of 
furfurol 

Voluni" of 
ammo Ns m 

10 CO of solu- 
tion befoic 
boiling 

\oluiiieof 
amino Ns 
aftci boiling 

Ammo Ns 
recovei ed 

percent 

hra 

cc 



per cent 

0 

15 

2 

33 4 

17 1) 

51 1 

0 

15 

2 

31 1 

21 3 

68 4 

5 

15 

2 

30 2 

26 3 


10 

15 

2 

30 2 

27 3 


20 

15 

2 

16 3 

15 7 

96 3 


TABLE 

Effect of Concentration of Acid on Reaction between DeUiose and Casein 

Hydiolsatcs 


Concentration 

OfHCl 

Time of 
boiling 

Concentration 
of Dextrose 

Volume of 
ammo N:m 

10 cc of solu- 
tion befoic 
boiling 

\ ohmie of 
mimo Nj 
after boiling 

Ammo Ns 
leeoi eied 

per cent 


per cent 



per cent 

20 

HH 

4 

33 4 

33 4 

100 0 

20 


4 

31 1 

31 1 

100 0 

20 

15 

4 

16 3 

16 0 

98 1 

10 

15 

4 

30 2 

28 9 

95 3 

5 

15 

4 

30 2 

28 8 

95 3 

Neutral 

15 

4 

33 4 

28 1 

84 1 

(t 

15 

4 

311 

26 0 

83 6 
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TABLE V. 

Effect of Boihng Casein Hydrolsate in W Per Cent HCl for IS Hours in ike 
Presence of Ardbinose, Starch, Gum Arabic, and Cellulose. 


Name of substance 

Amount ot 
substance 

Volume of 
ammo Nim 

10 cc of solu- 
tion before 
boiling 

Volume of 1 
ammo Na 
after boiling I 

Ammo Nj 
recovered 

1 

gm 



percsnt 

Arabinose 

1 

16 3 

B3B 

94 4 

Gum Arabic 

2 

16 3 


97 5 

Starch 

2 

16 3 

1.5 8 

96 9 

Cellulose 

2 

16 3 

1 

15 8 

96 9 


STTMMART. 

1 Glycine does not react with furfurol. There is no expla- 
nation of this since tyrosine and cystine give decided evidence of 
reaction 

2. It IS shown that but a slight amount of the hnmm nitrogen 
is due to adsorption. 

3. The hydrolsates of shrimp, casein, wool, and salmon react 
with fuifuiol. 

4 The greatest decrease in ammo Ng is obtained when the 
reaction between a protein hydrolsate and furfurol takes place in 
a neutral or slightly acid solution. This is probably due to the 
fact that furfurol forms a humin-like mass wl boiled in acid 
solution. 

5. The greatest effect is obtained in the reaction between dex- 
trose and a piotem hydrolsate when the solution is either neutral 
or slightly acid. This shows that dextrose reacts directly with 
the ammo-acids and not through the intermediate formation of 
furfurol as we thought might be true. 

Our lesults with dextrose together with the fact that we seemed 
to get a precipitation of humin nitrogen with phosphotungstic 
acid leads us to think that the method proposed recently by 
Eckstein and Grmdley^ for the analysis of feedst* "'s by the Van 
Sl 3 ^ke method would lead to low results. In ord^orto remove the 
carbohydrates, they digest the sample for 60 hours m 0.1 per cent 

Eckstein, H. G , and Grmdley, H S , J. Biol Chem , 1919, xxxvii. 

373 . 
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Action of Furfural and Dextrose- 


hydroclilonc acid. This converts starches to sugars, and since 
the acid concentration is low, the conditions are most favorable 
for the reaction of the sugars with the amino-acids. It is true 
that this concentration of acid would not hydrolyze much of the 
protein, but it should be remembered that theie is a high per cent 
(30 to 40 per cent) of soluble nitrogen, mostly m the form of 
amino-acids, in many feedstuffs 

6 The lesults given in Table V show, as would be expected, 
that substances which yield either sugars or furfurol when boiled 
with hydrochloric acid decrease the ammo nitrogen when boiled 
with a protein hydrolsate. 

7. It was found that complete hydrolysis of various proteins 
is brought about bj’’ heating in 10 per cent HCl in an autoclave 
for 3 hours at a pressuie of 20 pounds. 



THE HEAT COAGULATION OF MILK.*^ 

By H H SOMMER and E B HART. 

(Fiom the Depatiment of Agricultural Chemistry, University of Wisconsin, 

Madison ) 

(Received for publication, September 17, 1919 ) 

The coagulation of milk bj'- heat was first observed by Ham- 
mersten,^ who found that it occuried at from 130-150°C,. with 
different samples of milk. Since then the question has been 
studied very little, and no tenable explanation has ever been given 
for the difference in the coagulating points of milks from different 
cows. In recent yeai s a knowledge of the factors which determine 
this difference has become very desirable, for these same factors 
undoubtedlj^ determine whether a condensed milk will coagulate 
when it is sterilized The coagulation of condensed milk on 
sterilizing causes seiious losses in the milk-condensing industiy. 

In the manufacture of condensed milk, the fresh milk is fiist 
pasteurized or "preheated*' at from 180-210°F. for from 1 to 20 
minutes. The condensing is done under vacuum at 130-160°F 
After the desired concentration has been attained, the milk is put 
into cans, sealed, and then sterilized at 224-240°F. for 20 to 50 
minutes. It is during the sterilizing process that the coagulation 
occurs. Because it oqcurs so frequently, all the condensed milk 
is placed into shaking machines to break up any loose coagulum 
that ma}' have fonned. However, frequently the coagulum is so 
firm that even after shaking the milk remains lumpy. Such a 
pioduct is 1 ejected by the consuming pubhc, and thus is a loss 

hlanufactuieis have sought to solve the problem by controlling 
the acidity of the milk. They have set an arbitiary standaid 
such as 0.18 per cent acid (calculated as lactic acid), above which 

■' Published vith the peimission of the Duector of the Wisconsin Agii- 
cultural Experiment Station 

^Quoted bom Iteratuie referred to in, Kastle, J H , Chemistiy of 
milk, Hyg Lab Bull 56, 1909 
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The Heat Coagulation of Milk 


they 1 eject all milk This has led to much difficulty, because 
often, immediately after it is drawn fiom the cow, milk has a 
higher titratable acidity than 0.18 per cent Thus the con- 
denseries may be rejecting peifectlj’’ fresh milk, believing that 
they are remedying their difficulty in this way, although it hae 
never been demonstrated that titratable acidity is related to the 
coagulation. The factors involved in the coagulation have never 
been detei mined, and no explanation is available on which to 
base a remedy for this difficulty 

To offei an explanation for the difference in the coagulating 
points of different milk samples the following factors were studied: 
titratable acidity, hydrogen ion concentiation, concentration of 
the milk, and composition and balance of the milk salts. 

The Heat Test. 

The temperature at wffiich the milk was heated was arbitrarily^ 
set at 136®C. At first the heating was done in an autoclave at 50 
pounds pressure for 20 minutes, and in that way the milks were dif- 
ferentiated into coagulating and non-coagulating. With the auto- 
clave, it took about 10 minutes to get up to the desired pressure p 
and, after the milk had been heated, the pressure had to be released 
gradually to prevent the milk from boiling over. The disad- 
vantages of this method were such that there w’ere no sharp limits 
from which to calculate the 20 minute interval, and it was im- 
possible to determine the relative lates at which the milk samples 
coagulated. * 

To overcome these disadvantages the 'milk was placed into* 
small glass tubes, sealed, and then heated in a xylene vapor bath 
which was constant at 136°C. wdthin 0 5°C The sealed tubes 
weie clamped in a rack, so arranged that it could be tilted to invert 
the tubes, to see how the milk would flow, and in that way it was 
possible to determine the exact length of time required for each 
sample to coagulate The milk m the sealed tubes was up to 
136°C. in less than 1 minute, so the point from wffiich to calculate 
the time was practically the instant the tubes were inserted into* 
the vapor bath. 
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TiirataUe Acidity. 

Since condenseiies are attempting to remedy the coagulation 
problem by i ejecting milk above 0.18 per cent acid (calculated as 


TABLE I 

Titiatable Acidity and Coagulation. 


May 8, 1919 

May 10, 1919 

May 16. 1919 

Cow No 

Titratable 

acidity 

Coagu- 

lation 

Cow No 

Titratable 

acidity 

Coagu- 

lation 

Cow No 

Titratable 

acidity 

Coagu- 

lation 


Lai tic 
acid 



Lactic 

acid 



Lactic 
at id 



per cent 

min 


per cent 

mtn 


per cent 

mi7i 

1 


20-* 

1 

0 241 

6 

31 

0 203 


2 


3 

2 

0 231 

11 

2 

0 193 

20- 

3 ! 


20- 

26 

0 228 

5 

1 

0 192 

20- 

4 

0 214 

20- 

31 

0 222 

51 

3 

0 188 


5 

0 210 

8 

27 

0 212 

6 

27 

0 188 


6 

0 207 

20- 

3 

0 212 

61 

6 

0 188 

20- 

7 

0 206 

6 

4 

0 211 

20- 

4 

0 188 

20- 

28 

0 201 

20- 

5 

0 205 

61 

28 

0 186 

20- 

9 

0 200 

20- 

9 

0 197 

20- 

12 

0 184 

10 

10 

0 200 

20- 

28 

0 199 

20- 

26 

0 184 

3 

11 

0 195 

• 41 

6 

0 195 


5 

0 183 

6i 

12 

0 191 

20- 

29 

0 192 


9 

0 182 

20- 

IS 

0 190 

20- 

10 

0 190 


14 

0 182 

9 

14 

0 189 

6| 

13 

0 186 


29 

0 182 

If 

15 

0 182 

20- 

12 

0 185 

11 i 

11 

0 178 

3| 

16 

0 179 

4 

11 

0 184 

5 

13 

0 175 

4 

8 

0 174 

9 

8 

0 174 

20- 

10 

0 171 

20- 

17 

0 172 

20- 

14 

0 175 

61 

30 

0 165 

20- 

18 

0 167 

20- 

15 

0 172 

20- 

15 

0 163 

20- 

19 

0 158 

12 

17 

0 166 

20- 

8 

0 163 


20 

0 157 

20-r 

IS 

0 160 

20- 

17 

0 156 

20- 

21 

0 156 

20- 

30 

0 162 

4 

18 

0 154 

20- 

23 

0 148 

3 

7 

0 162 

2 

7 

0 148 

2 

23 

0 146 { 


21 

0 157 

20- 

20 

0 143 

20- 

24 

0 143 

20- 

20 

0 147 

20- 1 

19 

0 135 

20- 

25 

0 120 

2 

23 

0 145 

6^ 

22 

0 133 

2 




19 

0 144 ' 

20- 

23 

0 130 

4 



i 

i 

22 

0 144 

2 

24 

0 128 

20- 




24 

0 141 

20 

21 

0 128 

20- 




25 

0 131 

1| 

25 

0 102 

If 


‘‘20— = 110 coagulation m 20 minutes 
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lactic acid), it was of interest to know how much variation there 
was in the tritratable acidity of milk fiom individual cows, and 
what relation the acidity would bear to the coagulation. To study 
this, samples iveie taken from the Umveisity herd and titrated 
immediately, and the heat test m the xylene vapor bath applied 
as soon as possible. The results given m Table I were obtained. 

The titratable acidity vanes from 0.102 to 0 257 pei cent. Out 
of the 86 samples, 45 are above 0.18 per cent. 

In fresh milk there is no direct relation betw^een titratable 
acidity and coagulation, as is evident from Table II. If fiesh 
milk samples were more nearly alike m titratable acidity, then 
titratable acidity might bear a direct relationslnp to the heat 


T.4BU; II 

Sunmary of TiUatahle Acidity and Coagulation 


Date 

No ot 
samples 

No above 

0 18 per cent 
and * 

No that are 
20+ t 

No below 

0 IS per cent 
acid t 

1 No that are 
20 -t* 

May 8 

26 

wmm 

5 

11 

6 

“ 10 

30 


7 

16 

7 

“ 16 

30 

16 

11 

14 

6 

Total 

86 

45 

23 

41 

19 


* Per cent above 0 18 per cent acidity, coagulating 20+ = 51 2 per cent 

T 20+ means coagulation withm 20 minutes 

t Per cent below 0 18 per cent acidity, coagulating 20+ = 16 4 pei 
cent 

coagulation of commercial milk samples. The acidity would then 
be a measure of the amount of fermentation that had taken place 
Lactic acid fermentation lowei s the coagulatmg pomt m two ways, 
(1) it changes the reaction, and (2) it lowers the citric acid content 
of the milk very rapidly.- Both of these are factors in lowering 
the coagulatmg point, as will be shown later. 

Since fresh milk samples vary so widely in titratable acidity, 
it is impossible to measure the extent of acid fermentation m a 
sample by titration. For this reason it is impossible to use titra- 
table acidity as a criterion of coagulabihty. 

• Bosworth, A. W , and Prucba, M J , Tech, Bull. 14, N. Y. Ague Exp 
Station, 1910. 
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Htjdtogen Ion Conccnl' at%mi and Coagulation 


Date 

Cow 

i 

pH 1 

Ch 

Coagulation in 

20 min 

ma 

Feb 21 

31 

6 55 

2 S2X10-' 

+++^ 


32 

6 83 

1 48X10-^ 

+ 


13 

6 58 

2 63X10-7 

+++ 


24 

6 83 

1 4SX10-7 

— 

“ 25 

13 

6 25 

5 62X10-7 

— 


32 

6 66 

2 19X10-' 

— 


31 

6 66 

2 19X10-7 

-f+ + 

" 26 

13 

6 58 

2 63X10-7 

H — 1 — h 


32 

6 69 

2 04X10-7 

H — H 


31 

6 70 

1 99X10-7 

++ 


24 

6 73 

1 86X10-7 

+ 


14 

6 70 

1 99X10-7 

— 1”+ 

“ 27 

13 

6 44 

3 62X10-7 

+ 


32 

6 64 

2 29X10-7 

H — h 


31 

6 64 

2 29X10-7 

+++ 

« 27 

24 

6 70 

1 99X10-7 

— 


14 

6 44 

3 62X10-7 

_ 


33 

6 59 

2 56X10-7 

— 1 — f" 

“ 28 1 

13 

6 50 

3 16X10-7 

— 


31 

6 94 

1 16X10-7 

+++ 


32 

6 92 

1 20X10-7 

— 


24 

6 93 

1 17X10- 

H — h 


14 

6 50 

3 16X10-7 

— 


33 

6 68 

2 09X10-7 

+++ 

Mar 3 

13 

6 67 

2 14X10-7 




31 

6 84 

1 44X10-7 

— 


33 

6 69 

2 04X10-7 

++ 

“ 5 

33 

6 64 

2 29X10-7 

H — 1 — h 


13 

t 6 64 

2 29X10-7 

— 


31 

! 6 93 

1 17X10-7 

+ 


32 

j 6 79 

1 62X10-7 

— 


24 

6 79 

1 62X10-7 

— 


14 

6 68 

2 63X10-7 

— 

“ 6 

24 

6 97 

1 07X10-7 

+ 


33 

6 59 

2 57X10-7 

+++ 

» 7 

31 

6 85 

1 41X10-7 

H — 1 — t- 

10 

33 

6 79 

1 62X10-7 

+++ 


* Number of plus signs indicates degree of firmness. 
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The Heat Coagulation of Milk 

Hydrorjen Ion Concentratmi. 

Titratable acidity does not give an index to tiue acidity, or 
hydiogen ion concentration, so that if there is any relation between 
acidity and •coagulation, it would be most likel}’’ to exist between 
the hydiogen ion concentration and coagulation. To study this 
possibility the hydrogen ion concentration of fresh milk was 
determined by means of the gas chain method, and the heat test 
was applied by means of the autoclave. The results given in Table 
III were obtained. 

From a study of the data it becomes evident that the hydrogen 
ion concentration is not tjjie determining factoi m the coagulation. 
Samples of equal Ch do not always respond alike to the heat test, 
one may lemain liquid, and the other may form a firm coagulum. 
In a large number of cases samples of high Ch did not coagulate, 
wheicas samples of lower Ch did, the exact reverse of what should 
happen if tiue acidity was the cause of the coagulation. 

We must conclude from this that m fresh milk Ch is not the 
determining factor in the coagulation However, it may become 
a factoi, foi if we change the reaction of a milk sample by adding 
small amounts of acids the coagulating point is lowered. 

Concent! ation. 

The concenti ation of the milk wmuld be expected to influence 
the coagulating point This was found to be the case when milk 
was diluted (Table IV). 


TABLE IV 

Relation of Coagulation to Concentration 


25 CO of milk + H*0 

Coagulation time 

HsO added 

cc 

mm 

0 0 

u 

1 0 

2 

2 0 

2 ^ 

3 0 

14 

4 0 

35 - 

5.0 

35 - 

6 0 

35 - 
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Not only the concentration of the casein influences the coagu- 
lating point, but also the concentration of the serum. This was 
determined by comparing the effect of water dilution to the effect 
of dilution with milk serum obtained by filtering the milk thiough 
Pasteur-Chamberlain filters (Table V). 

In the dilution with water, where the casein and the serum are 
both diluted, the effect is gi eater than where the casein alone is 
diluted by adding serum; therefore, the concentration of the serum 
is also a factor influencing the coagulating point. 

Concentration of casern and of serum may in part explain the 
•difference in the coagulating points of different milk samples. 


TABLE V 

Relation of Coagulation to Concentration of Serum 


23 CO of milk + serum 

Coagulation time 

Serum added 


ec 

min 


0 0 

11 


0 1 

11 


0 2 

2 

25 cc of milk + HsO 

Coagulation time 

HiO added 


CC 

min 


0 0 

11 


0 1 

21 


0 2 

4 


However, in most cases, with the shght variation in concentiation, 
this factor is of minor importance, just as Cg is. There must be 
another factor of greater importance. 

Composition and Balance of Milk Salts 

Since electrolytes have a very marked effect upon the stability 
of colloids, we should expect that variations in the salt compo- 
sition would influence the stability of the casein in the milk 
That the various salts exert an influence on the coagulating 
point was shown in a number of cases 
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The Heat Coagulation of Milk 


The effect of an addition of ammonium oxalatfe to milk that 
previously coagulated is shown in Table VI. 

The removal of calcium by precipitation prevents coagulation 
in most cases and similarly in most cases the addition of small 
amounts of calcium salts lowers the coagulating point. This 
coagulation can again be balanced by means of sodium citrate or 
dipotassium phosphate (Tables VII, VIII, IX, and X). Coagu- 
lation caused by MgCh or BaCh can also be balanced by sodium 
citrate (Tables XI and XII). 

In most cases coagulation can be prevented by the addition of 
citrates or phosphates, the coagulation being due to an excess of 
calcium and magnesium. However, in a few cases the addition 
of citrates or phosphates did not prevent coagulation, but rather 

TABLE VI. 


Amtnomuin Oxalate Pi events Coagulation. 


5 cc of milk + 10 per rent 1NH4)2 CjOi 

(NH4)*Cs 04 added 

Coagulation in 20 min 

drops 


0 

+++ 

1 

++ 

2 

+ 

3 

- 

4 

— 


hastened it. In these cases the addition of the proper amount of 
calcium salts prevents coagulation or at least raises the coagulating 
point (Tables XIII and XIV). 

From the data we see that the calcium and magnesium are 
balanced by the phosphates and citrates of the milk practically 
in gram-equivalent amounts. The sodium and potassium chlorides 
m the concentrations present do not have any marked influence on 
the coagulating point, so that the balance of the four constituents, 
calcium, magnesium, citrates, and phosphates, largely determines 
whether a milk will coagulate or not If calcium and magnesium 
are m excess, the milk will coagulate on heating. If calcium and 
magnesium are properly balanced with the phosphates and citrates, 
the optimum stability obtains If phosphates and citrates are in 
excess, coagulation will also result. 
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TABLE VII. 


Balance between Calcium and Citrates * 


25 cc of milk plus 

Coagulation time 

h/2 Ca acetate 

m/2 Na citrate 

HsO 

ce 

CC 

CC 

mm 

0 0 


1 3 

3 



1 0 

1 

0 3 


0 9 

2| 

0 3 


0 8 

3 

0 3 


0 7 

2 

0 3 

0 4 

0 6 

U 


*The sodium citrate consisted of 25 cc of sodium m/2 citrate plus 
3 cc of m/2 citric acid. This solution was distinctly acid, so that the 
balancing effect could not have been due to neutralization of acidity by 
means of the sodium citrate. 

TABLE VIII 


Balance between Calcium and Ci>rates * 


25 cc of milk plus 

Coagulation tune. 

u/2 Ca acetate 

m/2 Na citrate 

HsO 

CC 

CC 

CC 

mxn 

0 0 

0 0 

1 6 

4 



1 2 


0 4 


1 0 

40- 

0 4 

0 4 

0 8 

40- 

0 4 

0 6 

0 6 

2i 

0 4 

0 8 

0 4 

2 


*The sodium citrate consisted of 26 cc of m/2 sodium citrate plus 
1 cc of m/2 citric acid 

TABLE IX 


Balance betiieen Calcium and Citrates 


25 cc of milk plus | 

Coagulation time 

m/2 Ca acetate 

m/2 Na citrate 

HaO 

CC 

CC 

cc 

m%n 

0 0 

0 0 

1 8 

26- 



1 0 

1 

*8 

0 8 


0 6 

1 

8 

0 8 

0 6 

0 4 

26- 

0 8 

0 8 

0 2 

25- 

0 8 

1 0 

0 0 

41 

I 
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The Heat Coagulation of Milk 


TABLE X 


Balame between Calcium and Phosphates 


25 cc of milk plus 

Coagulation time 

m/2 Ca acetate 

m/2 K2HPO4 

HsO 

CC 

CC 

CC 

min 

0 0 

0 0 

1 2 

20- 

0 5 


0 7 

1 

i 

0 5 


0 5 

3 

8 

0 5 

0 3 

0 4 

1 

0 .5 

0 4 

0 3 

20- 

0 5 

0 5 

0 2 

20- 

0 .5 

0 6 

0 1 

20- 

0 n 

0 7 

0 0 

6 


TABUS XI 

Bahina between Magnesium and Citrates 



25 cc of milk plus 

* 

Coagulation time 

m/2 MgCIj 

m/2 Na citrate 

HsO 

CC 

CC, 

||||||_||_| 

mtn 

0 0 



20 - 




1 

i 

0 3 



20 - 

0 3 


0 1 

20 - 

0 3 

0 4 

0 0 

8 


TABLE XII 

Balance betuecn Baiuon and (htiates 


25 cc of milk plus 

Coagulation time 

Ai/2 BaCL 

m/2 Na citrate 

H 20 

CC 

CC 

cc 

mtn * 

0 0 


0 -1 

20 - 

0 2 


0 2 

1 

s 

0 2 


0 0 

20 - 


Thus the coagulation of a milk sample on heating may be due 
either to an excess or a deficiency of calcium and magnesium 
We may explain this m the following manner. The casein of the 
milk is most stable with legaid to heat coagulation when it is in 
combination i\itli a’ definite amount of cakTum If the calcium 
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combined with the casein is above oi below this optimum, the 
casein is not in its most stable condition. The calcium in the milk 
distributes itself between the casein, citrates, and phosphates 
chiefly. If the milk is high in citrate and phosphate content, 
more calcium is necessaiy in order that the casern may ictain its 
optimum calcimn content after competing wnth the citrates and 
phosphates. If the milk is high in calcium, theie may not be 


TABLE XIII. 

A Sample in Which Calcimn Pievents Coaguhitwn 


25 cc of niilli plus 

Coagulation time 

m /2 Ca acetate 

'. 1/2 Na citntc 

HaO 

CC 1 

tc 

CC 

min 

0 0 

0 0 1 

0 s 

li 



0 6 

20- 

0 2 

^■ 1^1 

0 5 

U 

0 2 


0 4 

1 

0 2 

0 3 

0 3 

4 

0 2 

0 4 

0 2 



TABLE XIV 


.1 Sample in fl huh Calunm Raises the Coagulating Point 


25 cc of milk plus 

Coagulation time 

m/4 Ca acetate 

H*0 

CC 

,, CC 

mtn 

0 0 

0 5 


0 1 

0 4 

2 

0 2 

0 3 


0 3 

0 2 

3 

0 4 

0 1 

6 

0 5 

0 0 

24 

1 




suflicient citiate and phosphate to compete with the casein to 
lower its calcium content to the optimum. In such a case the 
addition of citiates or phosphates makes the casein moie stable 
by reducing its calcium content. The magnesium functions by 
replacing the calcium in the citiates and phosphates. 

In most cases the coagulation is due to an excess of calcium and 
magnesium It is possible to balance this excess by citrates, 


















TABI^ XV 

Analyses to Hhoiv Balance between Salts as Related to Coagulation 
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Total 

solids 

■s i-iiNioooiooasOeO'sjtcoiMsiHeo'sHusb' 
g rH010t~Cq!Nsi(>-(eOt-r-IOSOi-IC<|COt^'stl 

V tH pH ^ pH tH pH tH pH pH ?H pH iH tH pH 


J. ® 

3 S 

it 

o| 

S -Hi Bl<l nl« rtlw rt'M -(1« rtlR t 1 1 

a i-ir-iMc<ieocO'!i<rt<'<!j<TficD«oeoosoOOO 
s r-i cq C4 N 

«0 

Column 
12 minus 

0 40 

ooTiiost>-'#cqcq'd(eoi>opo^oo ^^^50 

ocqeoeoocoeoMcqMOTO'i'cqO'sH'-io 

rHOOOOOOOOOOOOOOOOO 

+ 1 + + + + + + l'H- + 4- + + + 1 1 1 

03 

Column 
11 minus 
Column 
10 

THT-<t^)t>'^OI>l>rHOsj<r-00©stlO(NP5 
T-iOOOOi-lOOOOOOOOOOOO 
+++++++++++++++ 1 ++ 

S 

CnO + 
MgO 
Gram- 
equiva- 
lent. 

•^ooi-H®eoQOOor^ts.i>'^(NOTfjcqooo 

os©®i-ifflcqoi>®cqi-io®eocq'^ii3io 

eoeCM«eosJ<'^coecTti'i<s!HcoeoTjteciMco 

e 

Citric acid 
H-PsOii 
Gram- 
equiva- 
lent. 

cO(McqtM®eooovooo®si<iot»eot^r-ir}i 

'it<ooiH'dt'#cq(NOoofflcoco®®oos!ftcqcq 

cqeoeocqeoeoeceococococoNiNeocoooco 


MgO 

Grnm- 

equiva- 

lent 

«Pi-l(NkO»Q«)OC2sfcOJ>»0'#lN©QCqiO 

i5icioif3iOii3t-®t»tOeO®eC>eOioc5iOtO 

OOOOOOOOOOOOOOOOOO 

fiO 

CaO 

Gram- 

equiva- 

lent 

00t-!®'^<»»0O®C0tHO®00's1<-1I(M00C0 

eort<(M©Mi>eo>-4cq«Dioeocqotooo®® 

eocoeocqeoeceocococoeccoececeocqcqcq 


PaOe 

Gram- 

equiva- 

lent 

:SOoo'#c«DOeopifDiNoo®ocqT-tcoio«o 

®eOr-il>«C>l£3B-IOOOlOiOsiirHeCC<|sJ(cqCO 

i-t(NMr-4(N(Ncq’-i(NN(N(NeqcqcqiM(NCii 

CD 

Citric 
acid 
Gram- 
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The Heat Coagulation of Milk 


« 


phosphates, carbonates, and other salts. It is also stated that 
danger of coagulation may be avoided in the actual practice of 
condensing milk by lengthening the “preheating” period, usmg 
higher temperatuies. This may have the effect of lowering the 
soluble calcium content by precipitating part of it as insoluble 
calcium phosphate ^ 

To demonstrate the importance of the salt balance in the coagu- 
lation of milk, a number of samples were analyzed for total citric 
acid, phosphorus, calcium, and magnesium (Columns 2, 3, 4, and 
5, Table XV). To calculate the balance between citric acid and 
phosphates, and calcium and magnesium the percentages were 
converted into gram-equivalents as follows * 


(a) 

(&) 

(c) 

id) 


192 

P 2 OS X 100 7* 

71 

CaO X 100 
56 

MgO X 100 
40 


* Multiply by i’t because at pH 6 50, the average reactiou of milk, the 
ratio of primary to secondary phosphate, is such that the mean basicity 
of the phosphates is approximately of what it would be if all the 
phosphates were secondary phosphates 


Column 10 shows the sum of citric and phosphoric acids in 
gram-equivalents; Column 11, the suin of calcium and magnesium 
in gram-equivalents Column 12 shows the balance; a plus sign 
showing an excess of calcium and magnesium, and a minus sign 
showing an excess of citric and phosphoric acids. In only a few 
cases IS there an excess of citric and phosphoric acids, and the 
excess is small. Those that coagulated had the largest excess of 
calcium and magnesium. To make this result more apparent. 
Column 13 shows the values of Column 12 minus 0.40. This figui e 
was arbitrarily chosen and subtracted so as to make the coagulat- 
ing samples have a plus sign and the non-coagulating samples have 
a minus sign. In five cases out of the thirty this result does not 
hold. However, the fact that, in twenty-five out of the thiity 
samples, those having the highest excess of calcium and magnesium 
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over citrates and phosphates coagulated and those having the 
lowest excess did not coagulate, indicates that this factor is very 
important. 

The five exceptions may be due to the other factors, concen- 
tration and reaction. Samples 2 and 9, with their small excesses 
of calcium and magnesium, should not coagulate; however, both 
samples are hi^h in total solids. Samples 20 and 26 did not coag- 
ulate although the excess of calcium and magnesium is high; again 
the explanation may he partly in the concentration of the milk, 
both samples being low m total solids. If the pH had been 
determined we might have gamed further insight into these 
exceptions and an explanation for the irregularity of Sample 29. 

SUMMARY AND CONCLUSIONS. 

1. The main factor m the heat coagulation of fresh milk is the 
composition of the milk salts. Apparently casein requires a 
definite optunum calcium content for its maximum stability. 
The calcium content of casein is largely controlled by the mag- 
nesium. citiates, and phosphates present. 

2. In fresh milk there is no relation between titratable acidity 
and heat coagulation. 

3. Acid fermentation in milk lowers the coagulating point by 
changing the reaction and by lowermg the citric acid content. 
However, the titratable acidity of fresh milk samples varies so 
widely that it is impossible to determine the extent of acid fer- 
mentation by titration Therefore it is impossible to use the 
acidity of milk as a criterion of coagulability. 

4. Difference in concentration accounts partly for the difference 
in coagulation of fresh milk samples. 

5. Hydrogen ion concentration is not the determining factor in 
fresh milk coagulation. It is nevertheless a factor in fresh milks, 
and in commercial milks it may become an imoortant factor. 




THE ACTION OF INTRAVENOUS INJECTIONS OF PAN- 
CREAS EMULSIONS IN EXPERIMENTAL DIABETES. 

By ISRAEL S KLEINER 

{From the Department of Physiology and Pharmacology of The Rockefeller 
Institute foi Medical Research ) 

(Received foi publication, September 20, 1919 ) 

It is evident that the demonstiation of a beneficial effect of a 
pancreas preparation, when administered parenterally to a 
diabetic animal, would be of impoitance both theoretically and 
practically. Theoi etically it would support the internal secretion 
hypothesis of the origin of diabetes Practically it would suggest 
a possible therapeutic application 

The early work m this field was eithei negative oi, as Pfluger,^ and 
Leschke® have shown, is open to seiious criticism The usual criterion 
was a lowering of the concentration of sugar m the mine or a dimmution 
of the total 24 hour output of sugai Either of these effects may easily be 
caused bj' a diminished intake of food, due to the loss of appetite usually 
resulting from the tieatment, to a change in the chaiactei of the diet, or 
to an influence on the kidneys In clinical experience, the feeding of pan- 
creas preparations has sometimes seemed to have a favorable subjective 
effect but with no constant antidiabetie action Often this appeared to be 
due to supplying the extei nal secretion to patients in need of it Pai enteral 
administiation usually has not given good results In a brief resume of 
the literature Allen® says “Though pancieas feeding maj'^ have at least a 
digestive value in some cases of diabetes, injections of pancreatic prepara- 
tions have proved both useless and harmful The failure began with 
Minkowski, and has continued to the present without an exception ” 

The more recent work may be summarized very biiefly Scott^ found 
that mtra venous mjections of water extiacts of pancreatic tissue, which 
had previously been extracted with alcohol, diminished temporarily the 


1 Pfluger, E , Ai ch ges Physiol , 1907, cxviii, 267 
® Leschke, E , Aich Physiol , 1910, 401 

® Allen, F M , Studies concerning glycosuiia and diabetes, Cambridge, 
1913, 815 

* Scott, E L , J Physiol , 1911-12, xxix, 306 
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sugar excretion of diabetic dogs and lowered their D/N ratio. Murlin and 
Kramer® mjected boiled pancreatic extracts into depancreatized dogs and 
found a tempoiary i eduction m the output of sugai. A mixed boiled ex- 
tract of panel eas and duodenal mucosa produced a greater fall, and in one 
case a complete disappearance of the urinary sugar The results were 
referred by these authors mamly to the sodium carbonate present in the 
extracts, because Ringer’s solution, which had been brought to about the 
same degree of allcalinity as the medium used for the extract, was found 
to have similar effects Later the preliminary announcement® of the pres- 
ent work led Murlin and Kramer^ to try unboiled pancieatic extract. 
This was given by mouth, however, and was mixed with NaQCOa A favor- 
able influence on the respiratory quotient was observed in two experiments. 

The present work was undertaken because of the remarkable 
influence which an emulsion of pancreas had been found to exert 
upon the disposition of intravenously injected dextrose in diabetic 
dogs In noimal animals* large quantities of sugar, introduced 
intravenously, were promptly lost from the circulation , in diabetic 
animals,®'^ on the other hand, this occurred very slowly, as was 
shown by the fact that even an hour and a half after the end 
of the sugar infusion the blood sugar was still far above its original 
level. Now, when an emulsion of pancreas was mixed with the 
glucose solution to be injected, the diabetic animal handled the 
sugar in nearly a normal manner.® Then the question naturally 
arose whether a similar pancreatic emulsion would not help the 
diabetic organism to dispose of its own excess sugar also. 

In testing this question there were two principles which, we felt, 
should be followed. First, since the chemical properties of the 
effective substance or substances in the pancreas were unknown, 
it seemed necessary to avoid compheated procedures of purifica- 
tion; therefore, a simple water extraction with subsequent dilution 
with saline was adopted. Secondly, since depancreatization brings 
on its effect within a very short time, it appeared that normally 
the pancreas secretes its effective substance mto the blood stream 
continually in very small amounts. It was therefore decided to 

® Murlm, J R , and Kramer, B , J. Biol. Chem , 1913, Xv, 365 

* Kleiner, I S , and Meltzer, S. J , Proc. Nat Acad Sc , 1916, i, 338. 

^ Murlin, J R , and Kramei, B , J Biol. Chem , 1916, xxvii, 517. 

s Kleiner, I S , and Meltzer, S J , Am J Physiol , 1914, xxxiii, p. 
xvn Kleiner, 1 S , J Exp Med , 1916, xxiii, 607. 

® Kleinei , I S , and Meltzer, S J , Proc Soc. Exp. Biol and Med , 
1914r-15, XU, 58 
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introduce the pancreatic preparation by the intravenous route verj’’ 
slowly and over an appreciable period, the results, however, might 
be expected to be obseiwed durmg the injection and for only a few 
hours thereafter. These piinciples were followed and the lesults 
were very gratifying — in a word, the slow mtiavenous infusion 
of an aqueous pancreatic “emulsion^’ usualty resulted in a tem- 
poraiy but marked decrease in the glycemia and glycosuria. The 
first few experiments were briefly reported in 1915.® The present 
paper includes these expeiiments as well as a large number of 
experiments perfoimed since the first communication. 

Method, 

Operation , — Total depancreatization was' pei formed in the 
majority of cases. In three animals, used m the six most lecent 
experiments, the '‘Allen” procedure, i.e leaving a small remnant 
around the large pancreatic duct, was adopted The operations 
were perfoimed under ether anesthesia. 

Preparation of “Emulsion ”. — ^Fresh dog’s pancreas was hashed, 
mixed with three or four times its weight of sterile distilled water, 
and placed in the refrigerator. After a period of fiom 1 to 20 
hours it was strained and squeezed through muslin. The fluid 
thus obtained was diluted with 5 volumes of sterile 0.9 per cent 
NaCl solution befoie injection. This dilute solution was faintly 
acid or neutral to litmus, light pink in color, and almost clear. At 
no stage was it filtered, nor was sodium carbonate or any other 
substance added. In one experiment (LP77a), Ringer’s solution 
was used in the extraction and also in the dilution; this did not 
lead to a better result. The emulsions of other tissues, used in 
the control experiments, were prepared m a similar manner. 

Injection and Blood Sampling . — Some time before the infusion 
was to be given, the animals (m most of the experiments) re- 
ceived a small dose of morphme suKate subcutaneously, usually 
about 1.5 mg. per kilo Cannulas were then introduced under 
local anesthesia into a convenient vein and artery, foi injection 
and blood samphng, respectively. In the six recent experiments 
no morphine was given and only one cannula (the venous) was 
introduced under local anesthesia (ethyl chloiide). In this series 
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the blood was drawn directly from an external jugular vein into 
a syringe. The urine was obtained by catheter in all cases. 

Andlyhcal Methods — The blood sugar determinations were 
made by the Myers-B alleys® modification of the Lewis-Benedict 
method. Glucose in the urine was estunated by a modification 
of the Pavy^^ method or by Benedict’s^^ method. Hemoglobin 
was detei mined in most of the expeiiments by discharging 2 cc. 
of blood into dilute HCl (about 0.3 per cent) m a 250 cc volu- 
metric flask, diluting to this volume, and comparing the density 
of the color in a Duboscq coloimieter The first blood sample of 
each experiment was used as the standard and was taken as 100 
per cent for that experiment Later the Sahli hemoglobinometer 
was used and, to avoid confusion, the results are similarly 
expiessed. 

Pour illustrative protocols, including three injections of pancreas 
emulsion and one control, follo'w. 

Exyenment LP72a — Prom Table I it will be observed that the 
high blood sugar value of 0.31 per cent fell to 0 14 per cent m the 
couise of the 78 minute injection period and after another period 
of 90 minutes it was still low (0 13 per cent) . Both of these figures, 
0 14 and 0.13 per cent, are practically nomal values, but emphasis 
IS to be placed on the extent of the drop, from 0.31 to 0.13 per 
cent, a fall of 0.18 per cent, rather than upon the absolute value 
finally obtained At the same time this decrease in the concen- 
tration of the blood sugar is not accompanied by any change in 
the hemoglobin value, or by an increased glycosuria. In other 
words it IS not due to a dilution of the blood sugar by the mjection 
fluid, or to a washmg out of the sugar through the kidneys. In 
fact the kidney excretion of sugar is greatly dnnmished. 

This was one of the few experiments in which the mjection pro- 
duced any noticeable general symptoms; there was first a fall and 
then a rise in temperature. There was' no maiked harmful effect, 
of the infusion, however, as the annual was given a second infusion 
2 days after the first and lived 2 days after that The second 
infusion caused only a slight fall in the glycemia (see LP72b in 
Table V) 

Myers, V, C , and Bailey, C. V , / Biol Chem , 1916, xxiv, 147 

To be published shortly 

Benedict, S R , ,7 Biol Chem , 1911, ix, 57 
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TABLE I 

Experiment LP72a 

Male, 11 2S Kilos, Completely Depancreatized April 19, 1915. 
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Experiment LP76 — In Expeimient LP76 (Table II), in spite 
of an intense hyperglycemia and glycosuria the administration of 

T.IBLE II 


Experiment LP76 

Female, 9 Kilos, Completely Depano catieed May 11, 191$ 
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later a different type of experiment was performed on this 
animal, after which it was killed with chloioform. 

Experiment DPI a . — Expermient DPla (Table III) w^as one of 
the more recent ones. No morphme was used and only an m- 

TABLE III 


, Experiment DPla. 

female, 8 4 Kilos, 92 Per Cent of the Pancreas Removed on Apnl 7, 1919, 
the Remnant Left Being in Communication with the Large Duct 
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Before injection there was a constant and moderate hyperglycemia 
(0.20 and 0.21 per cent). At the end of the injection, the blood 
sugar had fallen to 0 12 per cent, practically a normal figure, and 
1 hour and 39 minutes later the distinctly normal value, 0.08 per 
cent, was found On the next mornmg hyperglycemia had again 
been established. The urinary sugar record is also of interest. 

table IV. 

Experiment LPSla. 

Male, 14^3 Kilos, Depancreatized June 7, 1915, at least 94 Per Cent of the 
Pancreas Removed 


Date 
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contained verjj^ little sugar (0.2 gm. per hour) but it is evident 
that the kidney was not rendered permanently impermeable to 
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sugar because the next urine obtained by catheter contained 
3 62 per cent dextrose. 

On the following day (see DPlb in Table V) an injection of 
another pancreas preparation lowered the blood sugar from 0.27 
to 0 20 per cent. The uiinary sugar excretion was diminished 
very markedly; m one period no qualitative reaction whatever 
could be obtained. 

Experiment LP8 la. — In Table IV is given an outline of Experi- 
ment LPSla, one of the control experiments. The animal received 
an intravenous injection of submaxillary gland emulsion. The 
slight decrease in the blood sugar percentage is in marked contrast 
with the results obtained when pancreas emulsion was used, and 
runs parallel with the hemoglobm, z e , heie what little effect there 
is may be referred to dilution by the intravenous injection of 114 
cc. of fluid. The urinary data are insufficient m this experiment 
but indicate a possibly diminished output of sugar 

There were no noticeable general effects caused by the infusion 
and on the next day the administration of pancreatic emulsion 
lowered the blood sugar pom 0 38 to 0 24- per cent (see LPSlb, Table 
V). 

In Table V all the experiments with pancreas emulsions are 
collected It will be seen that in most of them there occurred 
a substantial reduction in the blood sugar. As the samples were 
not taken at short intervals it is quite probable that the lowest 
values were not discovered. However, normal or nearly normal 
figures were found in several cases Study of the table indicates 
that, when effective, the emulsion produces an effect during the 
slow injection, because the blood sugar is usually lower at the 
end of the injection than at the begmning. The glycemia remains 
low or contmues to fall for about to If hours, and then, if we 
may trust the few figures at hand, it gradually rises It is certain 
that the effect does not last many hours, for in a number of the 
experiments a sample of blood was taken on the following morning 
and invariably showed a hyperglycemic value. 

In all except one experiment (LP75), there occurred a dimi- 
nution in the excretion of sugar. In some cases this was quite 
marked, resulting m a urine reacting negatively to Benedicts 
qualitative test. Such urines, however, had normal color and 
specific gravity. In about half the experiments there was a 
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TABLE VI 

Injections of Emulsions of Tissues, Other than Pancreatic, into Depancreahzed Dog's 
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decided reduction m the volume of urine secreted in the hour 
period following the injection, indicating perhaps some temporary 
functional damage to the kidney; it is possible that this may be 
caused by the injection of any tissue extract. In the rest of the 
experiments there was no dimmution in urinary flow even when 
the sugar dutput had practically ceased (see Experiments LP77a, 
DPI a and b, DP2 a, b, and c, Table V). 

The controls m which emulsions of several other tissues were 
injected, are tabulated in Table VI. There was no marked effect 

TABLE VII. 


Stimmai y 

Maximum ReductxonoJ Bldod Sugar Produced by Injection of Tissue Emulsion. 


Marked reduction * 

Moderate or no reduction 

Experi- 
ment No 

Maxi- 
mum 
reduc- 
tion of 
blood 
sugar 

Kind 

of emulsion 

Experiment 

No 

Maximum 
reduction of 
blood sugar 

Kind of emulsion 

LP70 

0 20 

Pancreas. 

LP72b 

0 06 

Pancreas 

LP72a 

0.18 

« 

LP75 

0 05 

it 

LP73 

0 17 


LP77a 

0 05 

a 

LP74a 

0 09 

U 

• 

LP77c 

0 02 

it 

LP74b 

0 10 

it 

DPlb 

0 07 

it 

LP76 

0 10 

it 

DP2c 

0 07 

it 

LPSlb 

0 14 

a 

LP77b 

Increase 

Submaxillary gland. 

DPla 

0 13 

« 

LPSla 

0 02 

it tt 

DP2a 

o.a 

it 

LP84 

Increase 

tt tt 

DP2b 

0 16 

tt 

LP86 

0 02 

it It 




LPS3 

0 06 

Spleen. 




DP3 

Increase 

Muscle. 


on the blood sugar in &tij of these tests. Injection of emulsion 
of spleen (Experiment LP83) was followed by a slight fall of 
blood sugar, from 0.41 to 0.35 per cent; this was the maximum 
effect observed in any of the controls. Indeed a slight increase 
in the blood sugar was observed in three experiments. The 
amount of sugar elunmated by the kidney was usually decreased 
to somd extent, but not so' much as in the pancreas injection 
experiments. In none of these controls, for instance, was a 
negative or weak Benedict’s test obtained and it is probable that 
i n some of these, as in many of the pancreas emulsion expeii- 
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ments, we have to do with an impairment of the renal epithelium. 
The striking point in these six experiments is the regular failure 
to observe a marked lowering of the blood sugar as contrasted 
with the success when pancreas emulsion was used 

This difference is brought out m the summary (Table VII). 
Here it will be observed that ten out of sixteen pancreas emulsion 
injections resulted in a marked reduction of the blood sugar, the 
greatest reduction in each case falling in the range 0.09 to 0.20 
per cent. The other six pancreas experiments, as well as all the 
controls, showed a reduction of only 0 07 per cent or less. Only 
one of all the sixteen pancreas experiments had practically a 
negative result (LP77c), while only one of the controls showed 
anything resembling a positive effect (LP83). 

DISCUSSION. 

Many investigators^^ have recognized that the best evidence 
for the internal secretion theory of the origin of diabetes would 
be an antidiabetic effect of a pancreatic preparation, admin- 
istered parenterally. The experiments just described show that 
such a result has been obtained, since the reduction of hyper- 
glycemia is surely an antidiabetic effect, and .the reduction of 
glycosuria is possibly partly of the same nature The demon- 
stration of the actual combustion of sugar has not been attempted 
although the additional proof, while not absolutely essential, 
would be welcome. A favorable effect upon the glycemia and 
glycosuria has, however, been established and there remain only 
a few points to be considered. 

The reduction in glycemia is real, that is, it is not due to dilu- 
tion, The hemoglobin values, given in th# protocols, indicate 
that this is the case; the same holds tnie for all the pancreas 
injection experiments, although this has not been recorded in 
Table V. Furthermore, that it is not an accident, a mere coin- 
cidence, is proven by the fact that it occurred to a maiked degree 
in ten out of sixteen experiments, and to some extent in fifteen 
out of sixteen. The controls include only one with any effect — 
and that an insignificant one — on blood sugar. In sonie eases 

See, foi example, Hedon, E , Travaux de Physiologie, Pans, 1898, 
133 Pfluger, E , Arch ges Physiol , 1907, cxviii, 271 
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the pancreas emulsion injection resulted in changing a pronounced 
hyperglycemia to a normal blood sugar. It is quite likely that 
moie of these cases occurred than were discovered, because the 
blood samples were not taken at short intervals. 

No increased glycosuria occurred which could be said to account 
for the decrease in blood sugar. On the contrary, the elimination 
of sugar was decreased in every experiment except one, this being 
one in which the effect on the blood sugar was slight (Experiment 
LP75, Table V). The effect upon the urinary sugar generally 
lasted longer than that upon the blood sugar, but specimens, of 
urine obtained by catheterization on the day following the injec- 
tion usually contamed high percentages of sugar. This would 
indicate that if the injection of an organ extract decreases the 
permeability of the kidney to sugar by a toxic action, the effect is 
only temporaiy. Since in the controls a similar, but less marked, 
transitoiy reduction of the urinary sugar output was observed, 
it IS evident that the mere reducHon of glycosuria %s no proof of a 
beneficial effect of any agent. Observations of other investigators 
may be cited in this connection. Murlin and Kramer® in one 
experiment found that an intravenous injection of a mixed boiled 
extract of pancreas and duodenal mucosa produced a marked 
fall m the sugar output of a diabetic dog, but that there was a 
rise in the blood sugar. H4don^* has shown that transfusion of 
normal blood into diabetic animals may result in a diminished 
output of sugar with little if any reduction of the blood sugar 
level. He assumes that the diabetic complex consists of two 
phases, of which the renal is the first to be affected by the internal 
secretion of the pancreas. Is it not possible, however, that the 
introduction of a foreign blood had a toxic effect on the kidney 
In fact Hedon himself admits that cross circulation between two- 
diabetic dogs also diminishes glycosuria. The same criticism 
apphes to all blood transfusion and related investigations^®-^® in 

H4don, E , Compt rend Soc hiol , 1911, Ixxi, 124 

Forschbach, J , Arch exp Path ii Pharmacol , 190&-09, lx, 131 This 
author united animals of the same litter (parabiosis) and later removed 
the pancreas of one, without causing more than a mild glycosuria In 
one experiment (No 5, p 145) he leports a blood sugar of 0 32 per cent 
while the urine vas sugar-free 

“ Drennan, F M , J Physiol , 1911, xxviii, 396 
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which only the urine was examined. The same question might 
be asked regarding Scott’s work,^ for he, too, used only the uri- 
nary output as an index of the action of his pancreatic extract. 

It must be emphasized that the beneficial effects of the pan- 
creas emulsion are not to be referred to sodium carbonate or any 
other alkali. No alkali was used in preparing the pancreas emul- 
sions. The extractions were made with water and the dilutions 
of the extract, or emulsion, with 0.9 per cent NaCl. The result- 
ing injection fluid was faintly acid to litmus. Our experiments, 
therefore, cannot be compared with Murlin and Kramer’s 
because they always used an alkaline medium. The alkalinity 
itself is, according to these authors, largely responsible for the 
beneficial action of the various tissue extracts which they admin- 
istered In our experiments, on the other hand, the favorable 
effect of the pancreatic emulsion must be due to some ingredient 
peculiar to it, because no alkali was used in its preparation, and 
because the other tissue emulsions, prepared in a similar manner, 
had no such favorable effects 

The mechanism of the effect on the blood sugar may be con- 
sidered briefly. There are several possibilities, corresponding to 
the several hypotheses for the mechanism of diabetes. The 
author does not wish to enter here into an extended discussion of 
these hypotheses, but wishes to point out how the results of this 
investigation apply in each case. For the ‘‘overproduction” 
theory the injection fluid may be held to contain a substance 
which decreases the output of sugar by the liver. If one beheves 
that, in diabetes, the cells themselves lack the power to burn 
sugar — as many investigators do — ^it will be said that the pan- 
creas emulsion contains the substance which stimulates the cells 
to this activity, or the “amboceptor” (Allen) which enables the 
cells to anchor sugar to their protoplasm. 

Kleiner and Meltzer^'^ have mdicated another explanation for 
some of the phenomena of diabetes; i.e., a decreased permeability 
to sugar of the capillary endothelia and perhaps of other cells as 
well. Palmer^® has corroborated this by showing that the striated 
muscle of diabetic animals has a lower concentration of glucose 

Kleiner, I S , and Meltzer, S J., Proc Soc Exp Biol, and Med., 
1914-15, XU, 58 

^8 Palmer, W. W , J Biol Chein , 1917, xxx, 79. 



I. S. Kleiner 


160 


than that of nomial animals, if the respective levels of blood 
sugar aie- taken into account. We have also leported that pan- 
creas emulsions enable diabetic animals to handle, in a nearly 
normal manner, large amounts of intravenously administered 
dextrose. This was taken to mean that the pancreas emulsion 
had restored the permeability, thus peimittmg the sugar to be 
absorbed and taken care of in the normal manner. The same 
explanation may be applied to the present experiments. In other 
words the pancieas emulsion perhaps contains some substance 
which alters the perme^bihty of the capillary walls, allowing the 
diabetic sugar to go through them into the tissues. Another 
factor which may come into consideration is the state of the 
blood sugar. The author has presented evidence^® that the 
diabetic blood sugar is in a combined or poorly dijffusible state. 
This indicates a further difl&culty presented to the diabetic organ- 
ism in its struggle to obtain sugar for its starving tissues. The 
enzymes present in the pancreas emulsion may be able to break 
up this combination setting free crystalloid glucose. This can 
diffuse readily through the tissues which at the same tune have 
been rendered more permeable to it. This last possibility may 
be tested directly by the method already described.^® 

The question of the general toxicity of the extracts used requires 
a few words. It might be expected that an unfiltered tissue 
extract of this sort would produce grave s^ptoms when injected 
intravenously. This was not the case, however. The explana- 
tion seems to be that the extract was highly diluted and very 
slowly injected. In but few mstances among the entire list of 
experiments was any depression or other unfavorable symptom 
observed. Furthermore, most of the animals received several 
infusions on different days and survived them One dog died 
shortly^ after a pancreas emulsion mjection, but death was appar- 
ently due to pentomtis. One control died a few hours after the 
injection of submaxillaiy emulsiqn, and another died of pulmo- 
nary edema 3 days after spleen emulsion had been administered. 

The fact that these pancreas emulsions lower blood sugar m 
experimental diabetes without causmg marked toxic effects indi- 
cates a possible therapeutic apphcation to human beings. It is 

“ Kleiner, IS,/ Biol. Chem , 1918, xxxiv, 471 
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true that the numerous attempts at pancreas therapy have been 
almost umformlj'' unsuccessful. However, the methods here-- 
tofore used have not resembled the one used m our experiments. 
This method is based on certain principles, discussed early in 
this paper, and is extremely simple. It is possible that the tem-^ 
porary effect which it produced m dogs might be duplicated in 
man and might be useful in certain emergencies. However, it is 
doubtful whether attempts along this line should be made until' 
further knowledge has been obtained. It is important to know 
whether a filtered extract would be effective, and particularly 
whether an emulsion of the pancreas of another species would 
have its effect when mjected into a diabetic dog. Other ques- 
tions also arise. Do such injections raise the respiratory quo- 
tient? Could other paths of injection and other animals be used 
equally welP Finally the search for the effective agent or agents, 
their purification, concentration, and identification are sug- 
gested as promising fields for further work. 

SUMMAEY. 

Diabetic dogs were given intravenous injections of unfiltered' 
water extracts of fresh pancreas, diluted with 0.9 per cent NaCI 
solution. The preparation was administered very slowly and 
usually resulted in a marked decrease in the blood sugar. There 
was no compensatmg increase in urinary sugar, but rather a 
decrease, which may be partly due to a temporary toxic renal 
effect. 

The result is regarded as further evidence for the internal 
secretion theory of experimental diabetes. 



CRYSTALLINE GUANYLIC ACID. 

By P. a LEVENE 

(From ike Laboratones of The Bochefeller Institute for Medical Research.) 

(Received for publication, September 30, 1919 ) 

The theory of the polynucleotide structure of the yeast nucleic 
acid has been receiving confirmation in recent years through the 
investigations of several workers. Levene,^ Jones and Kennedy 
and Thannhauser and DorfmuUer® have described crystalhne 
mononucleotides obtained from yeast nucleic acid The present 
communication contams a report on guanylic acid obtained in 
crystalline form. It crystallized in the form of long prismatic 
needles having the same appearance as guanosine The substance 
had all the properties of guanylic acid. It gelatinized in the pres- 
ence of mineral impurities. A test for the presence of free phos- 
phoric acid was negative. It had no melting point but turned 
brown at 208®C. The optical rotation m water solution was 
[a]* = — 7.5, and in a 5 per cent ammoniacal solution [«]“= —43 5. 
On hydrolysis it gave guanosme or guanine sulfate depending on the 
conditions of the experiment The free acid, when air-dry, crys- 
talhzed with 2 mols of crystal water, and, when dried under dimin- 
ished pressure at the temperature of a toluene vapor bath to con- 
stant weight, still retained f mol of crystal water The pure 
guanylic acid was converted into a crystalhne brucine salt. 

EXPERIMENTAL 

Crude brucine salt of guanylic acid was converted into the 
ammonimn salt in the manner described m a pievious publication.^ 
The ammonium salt was dissolved in hot water. The resulting 

’ Levene, P. A , Pwc Soc Exp Biol and Med , 1917-18, xv, 21 

® Jones W , and Kennedy, R P , / Pharmacol and Exp Theiav , 1919, 
xii, 253 

3 Thannhauser. S J .and DorfmuIIer, G , Z physiol Chevi , 1919, civ, 65. 

* Levene, P. A , J Bwl Chem , 1919, xxxix, 77 

171 



• Crystalline Guanylic Acid 


172 

solution was acidulated, and the substance precipitated by means 
of neutral lead acetate. The precipitate was repeatedly washed 
with w'ater, then suspended in water, and freed from lead. The 
resulting solution was again precipitated with neutral lead, and 
the process repeated once more Finally the solution obtamed 
on decomposition of the lead salt gave on concentration under 
diminished pressure a crystalhne deposit. 

On drying under diminished pressure at the temperature of 
xylene vapor, the substance still retained g mol of crystal water. 

0 1084 gm. of the vacuum-dry substance gave 0 1274 gm of CO 2 and 
0 0424 gm of H 2 O 

0.1834 gm. of the substance used for Kjeldahl nitrogen estunation re- 
quired 24 45 ec of O.In acid for neutralization. 

0 2757 gm of the substance gave 0 0844 gm of MgjPaOT. 



Calculated 

for CioHi4N60,+JH»0 

Pouud 


per cent 

per cent 

c . . 

. . . .... 32 24 

32 05 

H 

4 03 

4 38 

N . . 

18 80 

18 67 

P . . 

.8 33 

8 55 


In 10 per cent hydrochloric acid the substance was optically 
inactive. In aqueous solution the rotation was 




-015X100 

1X2 


75 


In 5 per cent aqueous ammonia solution the rotation was 


r -087X 100 


• A ad Hydrolysis of the Substance. 

2.0 gm. of the substance were dissolved in 20 0 cc of 2 per cent 
sulfuric acid and boiled over a flame with a return condenser for 
1 hour The substance was filtered and allowed to cool. Soon a 
crystalline deposit formed. This was filtered and recrystaUized 
out of 5 per cent sulfuric acid The substance was dried over 
night over sulfuric acid in a vacuum desiccator. 
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0 0905 gm of dry substance gave 27 6 cc oi nitrogen gas at T° = 25° C 
and P. = 763. 


Calculated Pound 
for (CsH5N60)2Hi!S04 


N 


•per cent per cent 

35 00 35 08 


Ammonia Hydrolysis. 

2.5 gm. of the substance were dissolved in 50 cc. of water con- 
taimng 5 cc of ammonia water, and the solution was made up 
to 75 cc. It was then heated in a sealed tube for 4 hour s at 135®C. 
On cooling, the contents of the tube practically solidified. The 
sohd material was filtered on suction and the residue recrystalhzed 
twice out of water. The ciystals had the characteristic appear- 
ance of guanosme. The yield of the recrystalhzed substance was 
0.6 gm. 

0 100 gm of the substance employed for Kjeldahl nitrogen estimation 
required for neutralization 8 8 cc. of 0 In acid 

Calculated Pound 

forCioHisNsOs 2HzO 

per cent per cent 

N 21 94 21 98 


The rotation of the substance was 


, -0 66 X 100 




Smee this rotation was shghtly higher than the one previously 
recorded ( — 60.5) , and since m the earlier work a less sensitive instru- 
ment was employed for the measurement, the rotation of a pure 
sample of guanosme was measured under exactly the same con- 
ditions as the sample obtained in the present work. The value 
obtained was 


i< 


0 66 X 100 
1X1 


-660 


Brucine Salt. 

2 gm. of the crystalline guanylic acid were dissolved in water 
and neutralized by means of a solution of brucine in methyl 
alcohol. A crystalline deposit formed immediately. This was 
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filteied off and recrystallized out of a 35 per cent solution of 
alcohol m water. The air-dry substance contracted at* 217** 
(Anschutz thermometer) j melted into a brown liquid at 233°, and 
effervesced at 240°C. 

0 1000 gm. of the substance gave on combustion 0 1938 gm of CO 2 and 
0 0558 gm of HaO 

0 2000 gm of the substance gave 18 2 cc of nitrogen gas at ir° = 25® 
and P = 759 

0 300 gm of the substance gave 0 262 gm of Mg 2 P 207 



Calculated 

for CS 6 HC 4 N 9 O 16 7H:0 

Found 


per cent 

per cent 

c 

52 61 

52 85 

H 

6 78 

6 24 

N . 

9 88 

10.41 

P 

2 43 

2 43 


The rotation of the substance m 35 pei cent alcohol solution was 

- 0 52 X 100 
1X2 



-260 



A NEW STEROL. 


By TAKEO IIOEGUCHI 

{From the Medical-Chemimllnstitute of the Medical College of Osaka, Japan ) 

(Received for publication, September 17, 1919 ) 

The sterols are probably contained in all cells, and there seems 
to be no doubt of their importance physiologically. Until now, 
however, the only property which has been conclusively proved is 
-their antidotal effect towaid the hemolytic action of the sapomns. 

If we take into account the poisonous action of some of the 
sterol derivatives upon the tissues of the heart, the biological 
significance of sterol affords an mterestmg field for research. 

Whereas cholesterol, which is commonly found in animals, has 
received much attention, and its structure has been practically 
.confirmed by Mauthner, Abderhalden, and especially by Wmdaus,i 

CHav 

>CH - CHj - CHa - CuHi7 
CH,/ /\ 

HC CH 

/X/\ 

HaC CH CH-CHs 

i I I 

HsC CHs CH 

\/ 

CH CHj 

I 

OH 

the other members of the sterol group, which occur in plants and 
fungi, have received but slight consideration. 

Several varieties of sterol have been isolated fiom fungi. 
Tanret^ obtained ergosterin and fungisterin from ergot, and 
Zellner® separated a sterol, with the formula C26H40O, from the 

^ Wmdaus, A , Ber chem Ges , 1912, xlv, 2421 

2 Tanret, quoted by Windaus, A , in Ahderhalden, E , Biochemisches 
Handlexikon, Berlin, 1911, 111 , 309 

® Zellner, J , quoted bj Fodor-Halle, A , m Abderhalden, E , Bioche- 
misches Handlexikon, BeiUn, 1914, vm, 493 
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toadstool. Up to the present, however, no one appears to have 
separated one identical sterol from different species of fungi, 
comparing it with other sterols and determining its structure. 
This is the reason for attemptmg investigation along this line. 

In an earlier treatise,^ the writer described a sterol-like sub- 
tance which he obtained from the Lycoperdon. During the 
course of the present research, he examined Collyhta shiitake, from 
which he isolated another sterol in pure form. This he traced 
through Armillana edodes, Hydnuni asparatum, and Lycoperdon 
gemmatum. 


Method of Preparation and General Tests. 

100 gm. portions of each of the above mentioned fungi, dried 
as well as possible at room temperature, and then thoroughly in 
an oven at 70°C., were extracted with ether The ether was then 
distilled, leaving in each case an oily residue, which soon coagulated 
into a cheesy mass containing the sought for crystals of steroL 
The crystals were washed with petroleum ether and alcohol, and 
then recrystallized from a hot solution of the latter solvent. Each 
batch of fungi, treated in this manner, yielded about 0.1 gm. of 
long, colorless, hexagonal crystals. . 

All the crystals obtained gave the same color reactions. (1) The 
crystals were dissolved in chlorofoim; an equal volume of con- 
centrated sulfuric acid was then carefully added so as to form a 
separate layer. From the contact surface between the two layers 
the lower sulfuric acid layer gradually became blood-red, while 
the chloroform layer turned brownish blue, there being a distinct 
green fluorescence in both layers. (2) To a chloroform solution 
of the crystals a httle acetic anhydride and two drops of 
concentrated sulfuric acid were added The mixture became at 
first rose-red, then successively blue, and dark green. (3) The 
crystals were dissolved in acetic anhydride. On adding a few 
drops of concentrated sulfuric acid the mixture turned first rose- 
red, then violet, then blue, and finally green. (4) The crystals 
do not give the oxycholesterol reaction. 

Each of the above reactions is similar to the corresponding one 
for cholesterol. In the first test, however, where cholesterol is 

* Ikeguchi, T , Z physiol. CJiem., 1914, xcii, 257. 
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concerned, the coloration shown by the two layers is reversed^ 
It resembles the cholestanon^ reaction, but can be differentiated 
from the latter by the difference pf color of the chloroform layer. 

The crystals obtained, as indicated above, by the extraction of 
the various fungi aie colorless and odorless and melt at 159-160°C. 
When exposed to the air for a long tmie oi heated above 80°C., 
they become yellow m color. On ignition they emit an odor 
resembling that of isovaleric acid. They aie readily soluble in 
ether, chloroform, and warm alcohol, with difficulty m cold alcohol 
and peti oleum ether, and are insoluble in watei. 

In solution the substance is levorotatory The sample to be 
determined was dissolved in chloroform and the measurements 
weie made with a Landolt polariscope, using a 2 dm. tube. The 
specific rotation of the substances obtained from each fungus was 
nearly the same 

Specific 

Name of fungus rotation ([ttjp) . 

Collybia shiiake —129 4 

A) tmllana edodes —129 23 

Hydnum asparatum . —129 66 

and the results obtained bv analysis were also nearly equal 


Name of fungus 

Weight of 
sample 

CO. 

HaO 


gm 

gm 

gm 

Collybia sJmtake 

0.1464 

0 4402 

0 1464 

Artmllaria edodes 

0 1086 

0 3260 

0 1110 

Hydnuvi asparatum 

0 1568 

0 4746 

0 1556 


Found Calculated iC iiHi 0.0 


G 

H 

C 

H 

per cent 

per cent 

per cent 

ner cent 

82 004 

10 81 

81 81 

10 9 

81 87 

11 35 



82 02 

10 95 




The yield of the substance obtained from the Lycoperdon was 
so small, owing to the difficulty of isolating it from other materials 
present, it could not be analyzed, however, theie is no doubt that 
it IS identical with others, agieemg with them m its crvstal form, 
color leactions, and melting point. 

® Diels, O , and Abdeihaklen, E , Ba them , 1904, xxwii, 3099 
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The sterol obtained probably occuis not only m the fungi above 
mentioned but throughout all classes of fungi, wherefore I shall 
name the compound mycosterol. 

According to the analytical results, mycosterol may be regarded 
as an oxidation pioduct of stigmasterol,® and this, referring to the 
fact ascertained by Lifschutz that cholesterol is converted into 
oxycholesterol m the animal body, gives mycosterol an added 
interest. 

In order to ascertain whether mycosterol is capable of preventmg 
the hemolytic action of saponin, an experiment was carried out 
following Hausmann’s method.'^ 5 cc of an ether solution of 
mycosterol were gradually added with stirring to 5 cc. of saponin 
solution (0 1 gm of saponin in 100 cc. of isotonic sodium chloride 
solution). The mixture was placed m an oven at 40°C. for 7 to 8 
hours, then at 30°C. for 1 to 2 hours, after which the ether evap- 
orated in vacuo. 1 and 2 cc. of the mixture thus prepared were 
added respectively to tivo 5 cc. poitions of a floating solution of 
red corpuscles taken from a i abbit The phenomenon of hemolysis 
occurred to a small extent in 24 hours, while a similar blood 
solution to which the saponin solution only had been added showed 
complete hemolysis instantaneously. Another similar solution 
with cholesterol m place of the mycosteiol showed no hemolysis 
at all even after 24 houis 

This experiment shows that mycosteiol, as well as cholesterol, 
is an antidote against saponin though its power is not so great. 

Digitomn Compound ® — ^Mycosteiol was dissolved m boiling 
alcohol, and a 1 per cent alcohol solution of digitonin was added 
in excess until the mixture presented a slight turbidity. After 
standing foi about 1 hour, crystals separated out which w^ere 
Altered off, wmshed wuth alcohol and ether, and then recrystallized 
from methyl alcohol after addmg a little water. The crystals 
melted at 242°C. with the evolution of gas. 

The crystals are soluble in pyridme, and with difficulty in 
acetone and benzene . They give the typical Liebermann-Burhard 
reaction which serves to show that the ciystals are a compound 
of mycosterol and digitonin. 

® Windaus, A , and Hauth, A , B&r them Ges , 1906, xxxix, 4378. 

Hausmann, W , Beitr. them Physiol u Path , 1905, vi, 667 

® Windaus, A , Bet them Ges , 1909, xlii, 244 
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0 1320 gm of substance (dried at 110“C ) gave 0 2998 gm of COa and 
0 1034 gm. of H 2 O 

Found Calculated (CisHitsOso) 

C H C H 

per cent per cent per cent per cent 

61 94 8 70 62 119 8 64 

According to Hausmann and Abderhalden, a sterol, containing 
an hydroxyl group and a double-bond in its molecule, is capable of 
preventing hemolysis by saponm, and when the hydroxyl gioup 
IS replaced by another atom or group, or Imked with such an atom 
or group, as is the case in an ether, its action disappears. If the 
double-bond is saturated, its action becomes weaker than that of 
the initial material. Referring to this conclusion, mycosterol 
probably contains a free hydroxyl group, but does not contain a 
double-bond. To test these assumptions the following experi- 
ments were carried out. 

Acetylation . — In a small flask fitted with a condenser, 0.5 gm. 
of mycosterol and twenty times its volmne of acetic anhydiide 
were boiled gently on a sand bath for 5 hours. After standing, 
the crystals which precipitated out were filtered off, washed with 
acetic acid, and recrystallized from ether, melting at 169*^0. 

0 1524 gm. of substance gave 0 4448 gm. of CO 2 and 0 1604 gm. of H 2 O 

Found Calculated (CssBwOs) 

C H C H 

per cent per cent per cent per cent 

79 69 10 96 79 66 10 37 

Bromination. — 0.123 gm. of mycosterol was dissolved m 5 cc. 
of ether and to this solution a bromacetic acid mixture was added. 
The ether was then allowed to evaporate spontaneously, leaving 
colorless needle-shaped crystals. The melting pomt, color reac- 
tion, and solubihties agreed with those of mycosterol; therefore, 
the crystals may be considered to be the unchanged mycosterol. 

It IS evident from the above experiments that mycosterol 
contains at least one free hydroxyl group in its molecule, but does 
not contain a double-bond which can be tested by the methods 
above mentioned. 

With regard to the manner in which the other atom of oxygen 
is Imked up m the molecule of mycosterol, theie are several possi- 
bihties. Reasomng from the oxidation products of cholesterol, 
however, the carbonyl group or hydroxyl group 
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NcO yOE 

C20H47\ or C3 oH40\ 

^OH ^OH 

IS most probabl}’ to be taken into account. Since mycosteiol, 
when treated with phenylhydrazme, does not f orm a phenylbydra/* 
zone, it may be concluded that it does not contain the carbonyl 
group for which this is a test. If the oxygen may exist as a car- 
bonyl group it should be in a state which cannot be readily acted 
upon by phenylhydrazme, as oxy cholesterol, obtained by Mauth- 
nei® oxidizing cholesterol, does not readily form a phenylhydra- 
zone, though containing the carbonyl group. 

0.5 gm. of phenylhydrazme hydiochloride and 0 5 gm of sodium 
acetate were added to 1 gm of mycosteiol dissolved in warm 
alcohol. The mixture was heated for 1 hour on a water bath 
under a reflux condenser Upon cooling crystals precipitated, 
which were filteied off by means of suction, washed with alcohol, 
and recrystallized from warm alcohol The crystal form and the 
melting point were in agreement with those of mycosterol, and as 
the compound contains no mtrogen, it must be mycosteiol itself 
Oxidation of Mycosterol . — As has already been shown, mycosterol 
has one hydroxyl group, which is verified by the action of acetic 
anhydride. Therefore, if the other oxygen exists as a hydroxyl 
group, it must be m a form which cannot be detected by acetyla- 
tion, as is often the case with a tertiary alcohol group The 
decision between the two possibilities can be made by examining 
the oxidation pi oducts of mycosterol. On treatment of mycosterol 
with chromic acid it yielded three different neutral ciystalhne 
products and an analysis of the substance of which the largest 
amount was obtained agreed with the compound C 30 H 48 O 3 
5 gm. of chromic acid dissolved in 10 cc. of acetic acid weie 
carefully added to 10 gm ‘ of mycosterol which were suspended m 
100 cc of acetic acid. The mixture was heated on a water bath 
until it was deep green The resultant solution was poured into 
a diluted sodium chloride solution, the whole then extracted with 
ether. The ethei layer was treated with sodium chloride solution, 
then with sodium hydroxide solution to remove acid substances. 

» Mauthner, J , and Suida, W , Momtsh Chem , 1896, xvu, 582 
Diels, O , and Abdeihalden, E , Ber chem Ges , 1903, x^xvi, 3178 
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The oily residue mixed with ciystals formed on evaporation was 
washed with petroleum ether and benzene and recrystallized from 
acetone, melting at 188-189°C. 

This substance is soluble in acetone, alcohol, and chloiofonn, 
and insoluble in water. 


0 118 gm of substance (dried at 105®C ) gave 0 3404 gm of CO 2 and 
0 1168 gm of H 3 O 

Found 


C 

per cent 

78 67 


H 

per cent 

10.99 


Calculated (CsoH 4 s 03 l 
C H 

per cent per cent 


78 94 


10 53 


Accordmg to these results the oxidation product may be 1 egarded 
as an additional product of one atom of oxygen and one molecule of 
mycosterol, for the number of carbon and hydrogen atoms remains 
equal to that in mycosterol. Considering the relation of the new 
oxygen toward the molecule, two possibilities may be suggested, 
namely, either that one of the groups containing oxygen in the 
molecule of mycosterol has been converted into a carbonyl group 
by the addition of one oxygen, 01 that a new group containing 
oxygen has been formed. 


( 1 ) 


/OH 

C3oH4fi:^OH 

\OH 


/COOH 

C29H4r,<( 

^OH 


(2) 


Since the oxidation products are neutral, the former case is out 
of the question, and since the numbei of hydrogen atoms m the 
molecule of the new substance is equal to that of the original 
mycosterol, the hydroxyl group and the hydrocarbon group must 
have lemained untouched. 

It is, therefore, reasonable to conclude that in the molecule 
of the oxidation product two out of three groups containing 
oxygen remain the same as m mycosterol, while the thiid is a 
newly formed hydroxyl group. To prove this point 1 gm. of the 
oxidation product was nuxed with twenty times its volume of 
acetic anhydiide and boiled gently on a sand bath for 5 hours 
Upon cooling, water was added until the solution became a little 
turbid. Long needle-shaped crystals were precipitated which 
weie washed thoroughly with a httle ligiom and recrystallized 
fiom acetic acid, melting point 201-202°C 
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0 1647 gm. of substance (dried at 105“C ) gave 0 4454 gm of GOj and 
0.141 gm of HsO 

Found Calculated (CseHMOe) 

C H C H 

per cent •per cent per cent per cent 

73 92 9 3 74 22 9 27 

The substance which was obtained by ti eating the oxidation 
product with acetic anhydride is a triacctic ester as is shown in 
formula (1). 

Trom this fact it may be concluded that two atoms of oxygen 
in mycosterol are contained as hydroxyl groups and mycosterol 
may be a dihydroxyl compound and its oxidation product a 
trihydroxyl compound. 

/OH 

CaoHiB^OH 

\OH 

Oxidation product. 


/OH 

C3oH«<( 

^OH 

Mycosterol 



ON THE RELATIVE ACCURACY OF COLORIMETRIC AND 
TITRIMETRIC PROCEDURES FOR DETER- 
MINING NITROGEN AS AMMONIA. 

By E. B, ALLEN and B. S. DAVISSON. 

{From the Laboratories of Biological Chemistry, Washington University 
Medical School, St Louis, and the Laboratories of Soil TechnoU 
ogy, Ohio Agricultural Experiment Station, Wooster, Ohio ) 

(Received for publication, September 30, 1919 ) 
INTRODUCTION 

The problems arising in connection with investigations in the 
field of soil biologj’- frequently are concerned with the fixation and 
transformation of nitrogen and require nitrogen determinations 
made with gi-eater accuracy than is the case m most other lines of 
work. Willie engaged in this field of research, we carried out a 
considerable number of studies on mtrogen methods. Among 
other points studied, the comparative accuracy of the colorimetric 
and titrimetric pi ocedures for the determination of nitrogen in the 
ammonium form have been mvestigated 
In the matter of improvement and adaptation of nitrogen 
methods to particular fields of research, two workeis, Fohn in 
America and Mitscherhch m Germany, have been particularly 
active- Fohn, working in the field of animal nutrition, has em- 
ployed both coloimietnc and titrimetiic procedures and favors the 
foimer, whereas Mitscherhch, studjdng the pioblems of plant 
nutrition, has adhered to the titrimetric procedure Fohn and 
Farmer^ used a modified Nessler-Winkler reagent m such a way 
that as much as 1 5 mg of mtiogen maj^" be determined col- 
oiimetrically without precipitation. By proper aliquoting, the 
quantity of nitrogen is kept below this amount 
Methods of this type have found quite wide favor, and certain 
modifications have been proposed from time to tune by Folin and 

^ Folm, O., and Farmer, C. J., J, Biol Chem , 1912, xi, 493 
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his associates On the other hand Mitscherlich and Herz^ used 
titiation with =»= 0 02 n solutions with a surprising degree of accu- 
racy for amounts of nitrogen varying from 0 68 to 6.84 mg. How- 
ever, it was not clear fiom the papers of these two workers which 
procediu’e was the more accurate, and therefore the work reported 
below on the probable error of the two procedures, as computed 
by the method of least squares, was carried out 

experimental 
Reageiitf, and Solutions, 

Indicator Used — The compound dimethylammoazobenzene-o- 
carboxyhc acid, or methyl red, is the most suitable indicator for 
the titration of weak bases as ammonia, and is extensively used 
at the present time. It has rightly supplanted the use of alizarme 
red, Congo red, cocluneal, and lacmoid Its end-pomt is so sharp, 
even in the presence of ammonia, that if proper conditions are 
observed very dilute solutions are titrated with ease and accuracy. 

Titrimetric Standai ds — Standard 0 02 n acid was prepared from 
pure sulfuiic acid and carbon dioxide-free water, and standardized 
by the sodimn eaibonate method, which, according to Mitscher- 
hch and Meeres,® is the most accurate. Standai d 0 02 n alkali 
was prepared from sodimn hydi oxide and carbon dioxide-free 
water ^ The titrations were made with the aid of 25 cc buiettes 
which were of regular 50 cc. length, but were correspondingly 
smaller in internal diameter, and were graduated to 0 05 cc.® 
^hese burettes were calibrated by the Bureau of Standards foi 
20°C., and that temperature was maintained as neaily as possible 
Analytical Standards — Standard solutions of ammonia were 
carefully prepared from ammonium hydroxide and from am- 
monium sulfate The foimer were prepared from concentrated 
c. p. ammonium hydroxide and neutral® distilled water, and the 

- Mitschei hch, E A , and Herz, P , Landw Jahib , 1909, xxxviii, 279 
s Mitscherlich, E A , and Meeies, E , Landw Jahb , 1910, xxxix, 345 
* We have subsequently found that stock distilled water redistilled 
over acid peimanganate is sufficiently pure for the pieparation of standard 
solutions 

® These weie obtained from Emil Greinei and Company, New York 
® The teim “neutial water” as used in this paper lefeis to watei neutial 
to methyl red 
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exact strength determined by a senes of titrations against the 
titrimetric standards. The ammonium sulfate standards were 
prepared from ammonium sulfate, repurified according to the 
directions of Fohn 

Nessler Reagent. — This reagent was prepared according to the 
directions of the Standard Methods of the American Public Health 
Association ^ 

Nessler-W^nkler Reagent — This reagent was prepared according 
to the original direction of Winkler** and used according to Folin 
and Fai’mer,® who made the observation that if the reagent is 
diluted 3ust before use (5 cc. to 25 cc.) larger amounts of ammonia 
may be Nesslenzed without precipitation 

Colorimeter. — A study of the Kruss polarization, and Schreiner, 
Wolff, and Duboscq colorimeters led to the adoption of the last 
named as being the most suitable for colorimetric work The 
mstrument used was of the standard French pattern. 

Probable Enor of Nesslenzaiion 

In Nesslenzation the error lies piincipally m the diffeience in 
the amount of color produced by the action of the leagent on the 
ammonia and in matching the unknown against the standard 

’’ Methods of water analy.sis of the American Public Health Association, 
Standard methods for the examination of watei and sewage, Boston, 3rd 
edition, 1917, 16 50 gm of potassium iodide in a mmimum quantity of 

cold water were treated with saturated solution of mercuric iodide until 
a slight precipitate peisists permanently Add 400 cc of 50 pei cent 
potassium hydroxide, claiified by sedimentation, and dilute to 1 liter, 
allow to settle, and decant 

® Wmkler, L W , Chem Z , 1899, xxiii, 541 Hawk, P B , Practical 
physiological chemistry, Philadelphia, 6th edition, 1918, 517 


“Mercuric iodide . 10 gm 

Potassium “ 5 “ 

Sodium hydroxide 20 “ 

Water 100 cc 


The mei curie iodide is rubbed up in a small mortal with water, woiked 
into a flask, and the potassium iodide added The sodium hydroxide is 
dissolved m the remaining water, and the cooled solution is added to the 
above solution After settling and decanting, the solution is kept in a 
dark bottle ” 

® Folin, O , and Farmei, C J , J Biol Chem , 1912, xi, 496 
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The fonner error can be reduced to a minimum by observing all’ 
possible precautions to keep conditions uniform, such as the amount 
of reagent, tempeiatui’e, tune of standing before comparison, etc., 
while the latter error may be decreased by mcreasmg the number 
of readings. In all coloiimetric work lepoited m this paper, six 
readmgs were made on each unknown and its standards. The 
error aiising from matching of unequal column heights in the 
colorimeter was ehminated by preparing the “standard” and 
“unknown” of practically equal concentrations. 

The standard Nessler reagent was retained for use with amounts 
of nitrogen of 0 5 mg. per 100 cc.^“ or less, since it is more sensitive, 
and m the presence of small amounts of nitrogen more stable than 
is the modification of Winkler.^^ 

The Nessler-Winkler reagent was used accordmg to the direc- 
tions of Folin and Farmer. 

By using these reagents with the above amounts of nitrogen 
and employmg only redistilled water, there was not the slightest 
tendency towards the formation of cloudiness The colors re- 
mained perfectly clear and manifested no tendency to precipitate 
even after several hours The use of ordmary distilled water, 
freed from ammonia by bromine and caustic soda, for diluting 
the reagent and making the Nessleiized solution to the mark, as 
has been recommended by Folm and Denis, did not prove satis- 
factory, as there was some tendency for cloudiness to form on the 
addition of the reagent 

For amounts of ammonia mtrogen of 0.5 mg and less, usmg 
the standaid Nessler reagent, the procedm’e was as follows: The 

The expressions “mg N” and “mg N per 100 cc ” used in this paper 
in connection with Nesslenzation lefer to mg of mtrogen contamed in 
the colorimeter solution , i g , the solution after the addition of the Nessler 
reagent and dilution to the mark 

“ This is piobably due to the difference in the proportions of the mer- 
curic salts and the potassium iodide in the two reagents The sensitive- 
ness increases with addition of mercuiic salts and deci eases by the addition 
of potassium iodide (see Olsen, J C , Quantitative chemical analysis, 
New York, 5th edition, 1916, 412) Folin and Denis (Folin, 0 , and Denis, 
W , J Biol. Chem , 1916, xxvi, 479) point out, however, that for satis- 
factory results with then modified reagent, it should contain more potas 
Slum iodide than does the standard Nesslei’s reagent 

Folin, 0 , and Denis, W , J Biol Chem., 1912, xi, 534 
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desired amounts of ammoma were nieasmed mto 100 cc gradu- 
ated flasks from the ammonium hydi oxide or ammonium sulfate 
standards by means of burettes. These solutions were then 
diluted to approximately 90 cc with ammonia-free water, 2 cc of 
Nessler's reagent were added, and the solutions were made to the 
mark. After 15 mmutes, portions of the solutions were transferred 
to the colorimeter cyhnders, and the colors compared, as mentioned 
above. The standard was set at 40 mm and three of the six 
readings were made after adjusting the unknown from above, and 
three after adjusting from below. 

For amounts of nitrogen equal to 0 5 mg. or more per 100 cc 
requii’ing the Nessler-Winkler reagent, the procedm’e is the same 
except that the solutions are made to 70 cc. in the flasks, 25 cc of 
the diluted reagent added; they are then made to the mark, and 
the colorimetric comparisons made against a 20 mm. standard 30 
minutes after adding the reagent. Six readmgs were made as 
described above 

The desired amounts of ammonia nitrogen were obtamed by 
usmg the following amounts of dilute solutions. 


N* 

Solution 

Normality 

mg 

cc 


0 10 

10 0 

n/1,400 

0 50 

50 0 

n/1,400 

1 00 

10 0 

n/140 


For each amount of nitrogen, ten solutions (also ten standards^*) 
were Nesslerized. Although the probable error of a method should 
be obtained by employmg the results fiom a great many deter- 
minations usmg the procedure involved, the order of magnitude of 
the error of the procedure can be shown by usmg ten typical 
determinations of the procedure studied. 

The probable error, r, of each individual observation is calcu- 
lated with the aid of the formula 

r = ±0 6745 

l?i-l 

in which A indicates the deviation of each value from the mean, 
and n the number of observations. The results are shown in 
Table I. 

The ammoiiium sulfate solutions were taken as “standards,” the 
hydroxide solutions as “unknowns ” 
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The results show that the probable error increases with increas- 
ing amounts of nitrogen This must unavoidably be the case 
since with the larger amounts of mtrogen the colors produced are 
intense, a low column height (=±=20 mm.) must be used m the 
coloiimeter, and very slight diffeiences m readings result m marked 
differences in the value found for mg. of mtrogen. 

Computations were next made to ascertain to what extent the 
errors in the colorimetric procedure as used lay in the readings 
themselves and to what extent in the color produced by the reagent 

TABLE I 


Ptobable Enoi of Nesslemakon 


Determmaiion No 

Nitrogen taken 

mg 

0 10 

mg 

0 50 

mg 

100 


Found 

1 

0 106 

0 468 

0 972 

2 ' 

0 098 

0 616 

0 996 

3 

0 102 

0 511 

1 014 

4 

0 102 

0.497 

1 013 

0 

0 103 

0 508 

1 004 

6 

0 102 

0 489 

O’ 995 

7 

0 104 

0 507 

1 008 

s 

0 105 

0 476 

0 962 

9 

0 108 

0 604 

0 995 

10 

0 106 

0 487 

1 002 

Aveiage 

0 103 

0 496 

0 996 

1 

±0 0019 

±0 0107 

±0 0114 

i expressed as j)er cent 

1 8 

2 1 

1 1 


As stated above, each colorimetiic determination is the average of 
SIX leadings, and of course possesses an eiror, that of reading the 
colorimeter. That is, if we designate the value obtained by the 
colorimetric deteimination by a and its error by e the correct 
value is equal to o =1= e. In a senes of determinations, we desig- 
nate these values by Ui ± Ci, 02 ± Co, as ± €3 a„ db Where 
the values of ui, 02, <23 are obtamed by avei aging a number of read- 
mgs as was done m this case, the values of ei, eo, 63, i.e. the probable 
eiror Ri, Rs of the average, maj* be computed with the aid of 
the formula 
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E = ± 0 6745 

The values of Ri to R& (ei to es) were computed foi ai to a& of the 
determinations of 1 mg. portions, reported in Table I The 
results appear in Table II 

Smce the values obtained for Ri to Ri are m every case less than 
the value db 0.0114 obtained for the probable error of a set of 
determinations, it follows that the color produced by the same 
amomit of nitrogen is not perfectly concordant in a series of 
determinations 

The eiior in the coloiimetnc method for nitrogen then increases 
with inci easing amounts of nitrogen, and is due in part to error in 

TABLE II 

Piobable Enoi of Anthmetical Mean of Colonmetei Readings on the Same 

Solution 


i 


n(n— 1) 


Reading 

No 

Determination No 

1 

2 

3 

. 

4 

5 

1 

0 9S2 




1 on 

2 

0 965 

n 996 

1 015 


1 on 

3 

0 981 

0 988 

1 011 


1 006 

4 

0 982 

1 001 



0 996 

5 

0 961 

0 992 


1 001 

1 006 

6 

0 978 

0 992 

1 015 

1 015 

0 996 


ai 0 972, 02 0 996, Oj 1 014, 1 013, os 1.004 

Ri ±0 0028, Ro ±0 0018, Rs ±0 0016, Ri ±0 0028, Ro ^0 0019 


measurement, and m part to differences in the amounts of color 
pioduced by the reagent under the conditions of the determi- 
nations 


The Piobahle Error of Titration 

In order to avoid all error due to the solubility of the glassware 
commonly employed as titrimetnc flasks, well seasoned Pyiex 
glass Erlenmeycr (300 cc ) flasks w^re used in determining the 
probable error of titration. 

Standard ammonium hydroxide was lun into the titration flasks 
from a bui'ette, 25 cc of 0 02 n acid were added, then sufficient 
neutral water was added to biing the volume to 100 cc , the con- 
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tents were boiled to expel carbon dioxide, and after cooling to 
10-15° the titration was completed, using 0.02 n alkali. The 
error reported here includes the error of the burettes, but smce 
this is less than that tolerated by the Bureau of Standards, the 
errors reported in Table III are essentially attributable to the 
titration alone. 

TABLE III 

Probable Btioi of Amvionia Deternnnahon by Titration 


Nitrogen taken 


mo 

mo 

1 mo 

0100 

0 500 

I 100 


Found 


0 101 


1 001 


0 605 

1 002 


0 505 

0 995 


0 505 

1 001 

0 093 

0 510 

0 992 

0 099 

0 508 

1 001 

0 093 

0 499 

0 992 

0 101 

0 608 

1 005 

0 098 

0 502 

1 005 

0 093 

0 602 

1 006 

Average 0 097 

0 605 

1 000 

r . ±0 0022 

±0 0022 

=fc0 0035 

r expressed as per 



cent, 2 06 

0 38 

0 35 


The results of the two methods of ammonia determinations as 
summarized m Table IV show some interesting differences. 

TABLE rv 


Nesslerization 

Titration 

N: taken 

I Probable error 

Error 

Probable error 

Error. 

mg 

mo 

per cent 

mg 

per cent 


=fc0 0019 

1 80 

=i=0 0022 

2 06 


=1=0 0107 

2 10 

=i=0 0022 

0 38 


=t0 0114 

1 10 

±0 0035 

0 35 


The probable error of Nesslerization is variable and tends to 
increase with increasing amounts of ammonia while that of 
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titration remains practically constant. For quantities of nitrogen 
above 0.50 mg portions, titration must be considered more accu- 
rate than Nesslerization. With considerably less than 0.50 mg. 
portions of ammonia nitrogen, Nesslerization is shghtly more 
accurate than titration. 

The Probable Erro) of Distillation and Titration. 

It sometimes happens that the ammonia in an unknown may 
be determined directly bv Nesslerization, whereas m the case of 
the titration procedure, the ammonia must always be transferred 
by distillation (or aeration) to a measured amount of standard 
acid. Indeed Folin and Denis, and Folm and Belh-'^ have recently 
proposed a seiies of veiy convenient methods in which the nitrogen 
IS determined directly by N esslerization . Thus the question arises 
as to the error of titration plus the error of distillation. Accor- 
dmgly the following series of determinations was earned out. 

The distillmg apparatus used m estimating the probable erior 
of distillation and titration has been previously described.^® This 
apparatus is of Pyrex glass with the exception of one close rubber 
connection which was found not to vitiate the results when workmg 
with very small amounts of nitrogen While this type of appa- 
ratus is not recommended for general analytical work, it has been 
found excellent for the most careful work where small differences 
must be determined. However, by usmg the devices described 
elsewhere, together with good block tin condensers, and the 
modified Benedict procedure of distillation^® very accurate results 
can be obtained with small amounts of nitrogen. The results 
obtained on 1 mg. of nitrogen are reported in Table V 

The probable error of distillation and titration is of the same 
order of magnitude as the probable error of titiation alone. In 
other words the error of titration and distillation on a 1 mg. portion 

Fohn, O , and Dems, W , J Biol Chem , 1916, xxvi, 473, 491, 497, 
501, 505 

Folm, O , and Bell, R D , / Biol Chem , 1917, xxix, 329 

Allen, E R , and Davisson, B S , Ann Missouri Bot Gardens, 1919, 
'Vi, 45 

Davisson, B S , / Ind and Eng Chem , 1919, xi, 465 

Allen, E R , Ann Missouri Bot Gardens, 1919, vi, 23 
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IS less than that accompanying direct Nesslerization of an equal 
amount 

Although no data aie mcluded here for larger amounts of 
nitrogen, the pipbable error remains almost constant in absolute 
value and decreases in percentage with larger amounts of nitrogen. 
Consideiable data on more comphcated apparatus and with larger 
amounts of ammonia nitrogen showed but little greater error.^® 

TABLE V 

Probable Eiioj of Distillation and Titration 

Nitrogen taken 

mg 

100 

Found 


1 005 

0 996 

1 010 

* 0 99S 

1 013 
1 002 

0 996 

1 007 
1 005 

1 005 

Aveiage 


1 0037 
=fc0 0038 


Preparation, Preset vation, and Use of 0 Od 'n Solutions. 

Since moie piecaution must be taken in the use of 0.02 n solu- 
tions than IS usually obseived in volumetric analysis, it seems 
worth while to record at this pomt the procedures which, after 
extended trial, have proved satisfactoiy. 

As an acidimetric standard we have found sodium caibonate 
satisfactoiy fiom the standpomt of convenience and accuracy It 
has the advantage that the standardization is carried out under 
conditions practically the same as are encounteied in the regular 
work. 

Allen, E E, , J Ind and Eng Chem , 1915, vu, 521 Davisson, B S., 
Allen, E R , and Stubblefield, B M , ibid , 1916, viii, 896 Davisson, 
B ibid , 1918, 600, 1919, xi, 465 







E. R. Allen and B. S. Davisson 


193 


The sodium carbonate is prepaied from pure sodium bicarbonate 
by heating to 270-300° in platmum until constant weight is 
obtained. The bicarbonate is easily prepared m a high degree of 
pm’ity, either by recrystalhzmg of a high grade product, or by 
carbonatmg a filtered concentrated solution of normal carbonate. 

It has been our practice never to prepare solutions exactly 0.02 n. 
The volumetric adjustment of lai'ge volumes of solutions is not 
entirely trustworthy unless the final solution is restandardized. 
Where logarithmic computations are used nothing is to be gained 
by having the solutions of an exact fraction of normality unless 
perhaps when they are used for a variety of purposes. Moreover, 
in the process of standardization no attempt is made to weigh 
out an exact amount of a molar weight of sodium carbonate, since 
such a procedure is inconvenient and, because of the prolonged 
exposure of the powdered material to the air, is likely to be 
inaccurate. 

20 or 25 cc. poitions of approximately 0.02 n acid are titiated 
each time. The sodium carbonate equivalent to such quantities 
of solutions IS a rather small amount to weigh with extreme 
accuracy This difficulty is, however, readily avoided by the 
method of aliquotmg which has been recommended by Eastlack.^ 
The strength of the acid is expressed as its nitrogen liter; i e., its 
nitrogen equivalent in gm. {or nig.) per cc The computation is 
easily made with the aid of logarithms. 

It has been our practice to piepare 8 to 10 liter portions of 
solutions at one tune. The leservoir bottles are provided with 
soda-lime guard tubes and the solutions are supphed to the burettes 
preferably through siphon tubes of Pyrex glass The acid solution 
does not change strength appreciably on standing In Table VI 
are given the results of change m concentiation of a solution of 
approximately 0 02 n HaSOj. The original volume was 8 liters 

The sodium carbonate was in all cases prepared from Kahl- 
baiim’s bicaibonate “Zur Analyse.” In Standardization I the 
bicarbonate was reciystallized, while in the subsequent standard- 
izations this step was omitted The variations m the first four 
determinations aie insignificant. The higher value reported in 

Olsen, J C , Text-book of quantitative chemical analysis, New York, 
5th edition, 1916, 2.59 

Eastlack, H E , J Am Cheni Soc , 1918, xl, 620 
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the last standardization may have’ been due to the fact that when 
the standaidization was made, less than 1 liter remained in the 
bottle, and the walls of the bottle were covered with water which 
had vapoiized and conden^d.®^ The maximum variation, how- 
ever, between the lowest and highest value in the above standard- 
izations amounts to only 0 0018 mg. of nitrogen per 1 cc, or 0 045 
mg per 25 cc. of acid, an error therefore of less than 1 per cent, and 
which may be disregarded except m the most exact work. Another 
large bottle of acid, which "had been in use for a little over 11 
months, showed a nitrogen titer of 0.2835 mg. at the beginning 
and 0.2850 at the end of this period. 

The question of the deterioration* of =h 0.02 n alkali solution 
was also studied. In Table VII are given the results of the deter- 
minations at different intervals. 


TABLE VI. 


Standardizations of Approximately 0 02 n H^SOi 


Standardization No 

Date 

Nitrogen titer 

I 

Nov 19, 1917 

0 2825 

II 

“ 13, “ 

0 2827 

III 

Dec 17, “ 

0.2833 

IV 

Jan. 23, 1918 

0 2833 

V 

Mar 26, “ 

0 2843 


From this it is seen that the change in strength of the alkali 
solution m 1 month is quite appreciable. It has become our 
practice to check the alkah solution every week. No attempt has 
been made to prepaie or keep the alkali exactly equivalent to the 
acid smce the cc of alkah obtained m any titration is readily 
converted into cc of alkali exactly equivalent to the acid with the 
aid of the equation. 


Log c = log A — log 


cc of alkali 
cc. of acid 


or + log 


ce. of acid 
cc of alkali 


where c ~ cc of alkali of exactly the same strength as the acid 
and A = the observed cc of alkali. The latio 

\ cc. of acid / 

is, of com’se, detei mined m previous titrations 


It has subsequently been found that a layer of white paraffin oil on 
the sui faces of the solutions prevents loss from evaporation 









E. R. Allen and B. S. Davisson 


195 


In the use of 0.02 n solutions certain precautions are naturally 
necessary which may be disregarded m the more concentrated 
solutions. We have found that neglectmg any of the following 
measures introduces an appreciable error 
1 The volume of solution in the titrating flasks should be kept 
small and constant {i.e. within 100 to 125 cc.), and should be well 
cooled and free from carbon dioxide. This procediue reduces the 
error from the hydrolysis of the indicator salt to a small and 
constant magnitude, and insures a sharp and certain end-point. 

2. An appioximately constant amount of standard acid should 
be used in each titration in order to avoid any “salt effect” on the 
indicator. Thus, if the ratio between the acid and the alkali is 
estabhshed on 25 cc. portions and 50 cc of acid are used in a deter- 
mination, a slight eiTOi is introduced 


TABLE 

Change in Strength o/ 0 02 Alkali 


Deterimnatioa No 

Date 

Alkali equivalent to 25 cc. 
of acid 

I 

Nov 9,1917 

25 72 

II 

Dec 14, “ 

25 55 

III 

Jan 16, 1918 

25 47 

lY 

Feb 14, “ 

25 34 

V 

Mar 20, “ 

25 16 


3. Standard solutions must be pioperly prepared and their 
strength deteimined in the dilution in which they are finally used. 

4. Solutions which have stood 12 hours or more m the 
burettes must be discarded 

5. The titration flasks must be of practically msoluble glass. 
Pyrex glass is the only material (except transparent quartz) 
which we have found to be entirely satisfactory. 

DISCUSSION. 

From the lesults repoited above, which represent it is beheved 
a fair measure of the relative accui'acies of the titiimetric and 
colorimetric methods for determining ammonia, it seems that the 
latter are slightly more accm’ate. Both types of determinations 
have been made, it is tiue, under conditions moie nearly ideal than 
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one can attain in general piactice, yet the conditions described 
for accmate titrations may be more nearly attained than can those 
for satisfactory Nesslerization. Titrimetric procedures have the 
added advantage over the colorimetric in that they are applicable 
to a wide range of nitrogen values, and hence by a regulation of the 
size of the sample the error due to aliquotmg may be kept smaller. 
For example, if we have a quantity of material for analysis con- 
taining 10 gm. of mtrogen, jpjQ of the material would be taken 
for the deterimnation by the colorimetric procedure. If our read- 
ings show 1 00 mg., the value is obviously 1 00 ± 0 0114 mg., and 
the amount of nitrogen in the material sampled would be between 
the limits of 10 114 and 9.886 gm. Only the first digit to the right 
of the decimal would be of any significance On the other hand, if 
the titrimetric method is used, of the material may be taken 
for analysis If our determination shows a value of 5.000 mg., the 
true value is 5.000 db 0 0038 mg., and our final value lies between 
the Imiits 10 008 and 9 992, in which case the first digit to the 
right of the decimal is significant, the second doubtful, and the 
third of no significance Expressed in another way the error m 
the colorimetric and titrimetnc procedures would be under the 
best conditions 0 228 and 0 015 gm. respectively 

The disadvantage of the colorimetric determination of ammo- 
nium nitrogen is that the reaction involved is imperfectly under- 
stood, and it is not surpiising, therefore, that in spite of the different 
modifications of the Nessler reagent which have appeared, the 
appearance of clouds and precipitates cannot be avoided with 
ceitamty by diffeient workers. 

Aside from this point, it is our opinion that the colorimetric 
methods are, even under the best conditions, more subject to 
personal error than are volumetric or titrimetric procedm’es. The 
accurate measui’ement of color is a more elusive and difficult opera- 
tion than is generally beheved and many colorimetric procedures 
are qmte faulty m theory. 

Some of the more common souices of error will be briefly con- 
sidered. One which may become quite appreciable in routme 
colorimetric work (but which was avoided in the determinations 
reported above) is that due to unequal column heights, especially 
if the procedure of setting the standard at a definite height and 
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adjusting the unknown is too rigidly followed. The fact must 
not be lost sight of that the ordinary equation of colorimetry 

Cl — Cl ~ 
hi 

is based on the incorrect assumption that the solvent has no effect 
on the passage of light If thk error is reduced to a negligible 
magnitude either by the preparation of a large number of standards 
or by the sciupulous filteiing of all solutions, as has been recom- 
mended by Kruss and Kruss^ for colorimetric procedures m gen- 
eral, then the procedure becomes distinctly time-consuming. 

It is of interest to note in this connection that Dehn“* in a recent 
paper on Fallacies in colorunetry, ” after pointing out the un- 
soundness of many existmg procedures, concludes that in Fohn's 
method of creatinine estunation, by way of illustration, there are 
twelve probable sources of error A similar array also exists in 
the colorimetric determination of ammonium nitrogen. These 
fundamental errors of colorimetr>" probably account for the skep- 
ticism with which many chemists are mchned to view colon- 
metnc procedures. 

In view of these points we have theiefore adhered to the titri- 
metnc pioceduies m oui work on nitrogen methods. 

While the colorimetric procedures for the determination of 
mtrogen have been of great service because of then' brevity, it 
should be recogmzed that except when dealing with amounts of 
nitrogen less than a few tenths mg , titrimetric methods are capa- 
ble of greater accuracy and should be chosen where exact results 
are required. 

Kruss, G , and Kruss, H , Kolonmetne und quantitative Spektial- 
analyse m ihrer Anwendung m der Ghemie, Hamburg, 1909, 31 

« Dehn, W. H , J Am Chem Soc , 1917, xxxix, 1392, 1399 




A STUDY OF CREATINURIA IN INFANTS. 

I. RELATION OF CREATINtTRIA TO ACIDOSIS. THE ELIMINATION 
OF INGESTED CREATINE AND CREATININE. 

By JAMES L GAMBLE and SAMUEL GOLDSCHMIDT. 

{From the Laboratory of the Department of Pediatrics, and the Hunterian 
Laboratory of Expei imental Pathology, J ohns Hopkins University, 
Baltimore ) 

(Received for publication, August 2, 1919 ) 

Creatine apparently never appears in the urine of a normal 
adult male in appreciable amounts. Normal women* excrete crcr 
atme periodically, wlnle infants and children^ exhibit a creatinuria 
regularly on normal diets. Creatine metabolism must, therefore, 
be studied m both sexes, and at different stages of growth, if a 
complete set of facts regarding the processes concerned is to be 
obtained . W e have undertaken to put to experimental test in the 
male infant certain factors supposed ta bear relation to ereati- 
nuria. We have also made measurements of the elimination of 
ingested creatine and creatmme by infants, there being no quan- 
titative data at hand on this point at this age i 

Methods, 

The subjects used for the experiments described in this and the 
succeeding paper were infants obtained from a well conducted 
home for foundlings. One of them, Subject G, was a normal 
infant. The others failed to come up to the specifications for 
normal infants only in the respect that they were more or less 
underweight. There was in no instance a history of recent nutri- 
tional disturbance, oi , during the experimental periods, symptoms 

1 Krause, R A , Qiiait J Exp Physiol , 1911, iv, 293 Rose, M S , J 
Biol Chcm , 1917, x\xix, 1 

■Rose, W Cj , J . Biol Chcm , 1911—12, x, 265 Folin, O., and Denis, 
\Y , tbnl , 1912, XI, 253 


199 



200 


Creatiauria in Infants. I 


of malnutrition. They all made moderate or rapid gains in 
weight on the experimental diets. The diet was in all cases 
cow’s milk, the various modifications of which, as regards the 
protein, butter fat, and lactose content, are indicated in Tables 
I and II. The quantity of food given was carefully measured 
and all of it was taken. There was always a foreperiod of sev- 
eral days on the experimental diet before the collection of urine 
specimens was begun. 

The urine collection periods were of 2 or more days duration. 
The infant during this time was immobilized by means of a com- 
fortably arranged metabolism frame. The urine was preserved 
with 6 per cent thymol in chloroform. The bottle receiving the 
urine was stoppered and shaken eveiy 4 hours to insure thorough 
disinfection, and at the end of 12 hours was replaced by a second 
bottle and put m an ice box. The regularly close agreement of 
the day to day figures indicates the quantitatve collections 
obtained, 

Creatinine and creatine were determined by the methods of 
Folin.® Conversion of creatine was obtained by autoclaving the 
urine samples, 5 to 10 cc., at 130° for 18 to 20 minutes with 1 cc. 
of N hydrochloiic acid. The acid was neutralized by adding an 
equivalent of 10 per cent sodium hydroxide before developing the 
color. Total nitrogen in milk and urine was determined by the 
Kjeldahl method. The factors of acid excretion in the urine, 
hydrogen ion concentration, titratable acidity, and ammonia, 
were measured as directed by Palmer and Henderson.^ 

Relation of Aczdosis to Creahnuna. 

One gathers from the literature the impression that acidosis 
stands accepted as a cause of creatmuna, or, at least, as a factor 
in its production. It is oui belief that the presence of an actual 
acidosis has been in most instances only a matter of inference, 
and, furthermore, that in conditions where acidosis and creati- 
nuria undoubtedly do occur together evidence of a causal relation- 
ship is lacking. 

* Polm, 0 , J Biol Chwi , 1914, xvii, 469 

* Palmer, W W., and Hendeison, L J , Arch Int Med , 1913, xh, 153. 
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Krause and Cramer,® in 1910, pointed out that creatmuria 
occurs in all conditions which lead to an acidosis. They cited 
chiefly the cieatinuria of starvation and of diabetes. At that 
time, however, the fallacy of regularly inferring an acidosis from 
the presence in the urine of ketone acids was prevalent. Smce 
we know now that production of ketone acids is only occasion- 
ally of such degree as to cause an acidosis it is obviously 
incorrect to regard the occurrence together of ketonuria and 
creatinuria as proof of the relation of the latter to acidosis. 

Underhill® has published results of experiments with rabbits, 
designed to show a relation between creatmuria and diets which 
produce an acid uime. An acid urine was produced by giving 
the rabbits a grain diet composed of com and oats. On this diet, 
creatine was regularly found in the urine. When carrots were 
given, instead of the grain diet, creatine was found in the urine in 
greatly diminished quantity, or was absent Underhill con- 
sidered these results as proof of a relationship between creatinuiia 
and acidosis. The presence of acidosis “was considered indicated 
when the urine of the rabbit became stiongly acid, as shown by 
determination of the hydrogen ion concentiation ... In 
the sense of the teim acidosis as used here, that is, a condition of 
alkali depletion, the assumption given above is undoubtedly cor- 
rect since ordinal ily the rabbit secretes urine which is strongly 
alkahne.” Smce rabbits cannot provide the base ammonia in 
compensation for an unusual acid production, it is probable, 
though not definitely pi oven by the acid urine, that the rabbits 
Underhill experimented with did develop an acidosis. 

From the well established facts in regard to the process of acid 
excretion in man, it is absolutely incorrect to assume a depletion 
of fixed alkali from an unusually acid urine. The neutrahty 
mechanism in man is lemarkably extensible and is capable of 
neutralizing and convejdng into the urine unusually large amounts 
of acid without disturbance of the acid-base equilibrium withm 
the body. The gross adjustment for an unusual acid pioduction 
IS an increase in production of ammonia. The fine adjustment, 
by means of which the reaction of the blood is maintained at the 

“ Kiause, E A , and Cjamcr, W , J Physiol , 1910, xl, p. Ixi 

srndcihill, F P , J Biol Chun , 1916, xxvii, 127, 141. 
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normal pH is managed by excretion of the phosphates in correct 
relative amounts. Slight variations m acid production may be 
entirely compensated by variation in the relative amounts of the 
phosphates excreted, the ammonia factor remaining stationary. 
The acidity of the urine on normal diets may, for this reason, 
vary widely, the pH being frequently as great as when acidosis is 
present. It is therefore impossible to obtain from the pH of the 
urine a dependable indication of the presence of an acidosis. 

It is equally incoriect to assume that diets containing an un- 
usually large amount of acid-producing elements, or which lead to 
the production of abnormal acids, will necessaiily cause an aci- 
dosis Acidosis cannot safely be considered indicated unless a 
depletion of the fixed alkali of the blood has been demonstrated. 
Denis and Mmot^ have been able to obtain with women subjects 
an excretion of creatine by giving diets unusually high m protein; 
which necessarily contain a large quantity of acid-forming ele- 
ments. They have found that the addition of sodium bicarbonate 
to this diet produces no appreciable effect on the creatinu,ria. 
This result shows very clearly that a wide variation in the acid- 
base value of a diet may bear no relation to creatme excretion. 

We have thought it worth while to illustrate this point further 
by adding acid or base to the food of infants. The results of 
these experiments are tabulated in Table I. We present the 
results of a single experiment in which 100 cc of 0,1 n hydro- 
chloric acid were given to an infant in its food, in divided amounts, 
during the course of 24 houis There is a well marked effect on 
the factors concerned m acid excretion during the day the acid 
was given, and also on the day following. The value for creatme 
excretion remains the same as during the control period. We 
gave sodium bicarbonate freely in seveial instances, but did not 
find a change in the quantities of creatme elimmated. 

We have been able to find a record of but one set of experiments 
in which creatme was measured m the presence of a demonstrated 
acidosis. Sawj'er, Stevens, and Baumann,® using as subjects 
male children, were able to produce quite regularly a depletion of 
the fixed alkali of the blood by giving a high fat and low carbo- 

’’ Denis, W , and Minot, A S , J Bxol Chcm , 1919, xxxvii, 245 

8 Sai\'yer, M , Stevens, F A , and Baumann, L , Am. J Dis Child , 
1918, XV, 1 * 
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hydrate diet. They found in all their experiments that duiing 
the period of acidosis there was a well marked increase in the 
excretion of creatine They were also usually able to obtain 
a lowering of the bicarbonate of the blood by giving a low calorie 
diet, with nearly always an mcrease in creatine excretion. 
They found, however, in three mstances an mcrease m creatine 
excretion on the low calorie diet without a reduction of blood 
bicarbonate. Their results suggest a relationship of acidosis to 
creatinuria. Such an inference cannot, however, be drawn with 
certainty because of the wide variation in the diet of factors other 
than those related to acid production. The authors themselves 
express their belief that the creatmuria was not due to the acidosis 
per se. We would suggest that the increase in creatine excretion 
may have been due to an abnoimal protein metabolism, caused, 
in one case, by an inadequate mtake of piotein and, in the other, 
by the absence of the protein-sparing effect of carbohydrate. As 
compared with its value on the normal control diet, the nitrogen 
in the urine was relatively high during the low calorie periods and 
absolutely high during the high fat intake periods 

We would say m conclusion that variations in the acid-base 
value of normal diets cannot possibly bear relation to creatinuria 
in man for the reason that they are never of sufficient magnitude 
to disturb the normal acid-base equilibrium within the body. As 
regards the relation to creatine excretion of acidosis produced by 
abnormal diets, we do not find in the literature satisfactory evi- 
dence indicating acidosis per se as a factor concerned in causing 
or increasing creatinuria. 

The Elimination of Ingested Creatine and Creatinine in Infants. 

It is w’dl established by the original investigations of Folin® 
and of Klerckeri® that large amounts of creatine may be ingested 
by adult men with a failure of creatinuria. Moreover, doses of 
creatine, which fail to produce creatinuria on a low protein diet, 
cause a creatine output on a high protein intake Only a 
small percentage of the ingested creatine appears in the urine 

® Folm, O , Festsehiift fur Olof Hammersten, Upsala, 1906 

“ af Ivlereker, K. 0 , Beitr Chein Physiol u Path , 1906, vw, 59; 
Bwchem Z , 1907, iii, 45 
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m any case, and for the most part, the ingested nitrogen remains 
unaccounted for in the urine 

Mellanby^^ suggested that the resulcs given above may be due 
to the action of intestinal bacteria in destroying the ingested 
creatine. In fact, Twort and Mellanby^® have isolated a bacillus 
from the human feces which destroys creatine. Hence, according 
to these authors, m crept-ine-feeding experiments this factor must 
be taken into account. While the validity of this observation 
cannot be denied, it must be pointed out that according to more 
recent investigations, in which the creatine is introduced parenter- 
ally, the original contention of Folin and of Klercker is confirmed. 
Lyman and Trimby^® find that 76 per cent of the creatine nitrogen, 
injected subcutaneously into man, remains unaccounted for in 
the urine. Meyers and Fine,^^ and Rose and Dimmitt,^® after m- 
gestion, as well as Lyman and Trimby^® after injection of creatine, 
believe that they found an increased output of urinary creatimne 
which they attribute to converted creatine. In this finding 
they stand in opposition to the results of Folin® and of Klercker.^® 
When creatinine is fed to adult men, observers are agreed that 
greater amounts are eliminated than is the case with creatme 
Fohn® and Rose and DimmiW® report recovery of 80 per cent of 
the creatimne ingested. 

Krause^® investigated the fate of exogenous creatme in two 
girls (aged 6 and 11 years), and two boys (aged 5 and 8 years), 
the older of each sex was not excreting creatine. He finds that, in 
children, relatively small amounts of creatine (0.3 to 0.35 gm ) lead 
to an increased creatmuria if one already existed, or to a creati- 
nuria where there was none previously. The authoi concludes 
that in children the power of “ assimilating” creatine, if measured 
m absolute amounts, is less developed than m adults Further, 
this is true even when the power of “assimilating” creatine is 
calculated per kilo of body weight; and the younger the child the 
less ingested creatine can it retain 

“ Mellanby, E , J Physiol , 1907-08, xxxvi, 447 
^ Twort, F W , and Mellanby, E , J Physiol, 1912, xliv, 43 
Lyman, J F , and Trimby, J G , J Biol Chem. , 1917, xxix, 1 
Meyers, V C , and Fme, M S , J. Biol Chem , 1915, xxi, 377 
“ Rose, W. C , and Dimmitt, F. W , J Biol Chem , 1916, xxvi, 345 
Krause, R A , Quail J Exp Physiol , 1914, vii, 87 
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The investigation to be presented herewith was instituted in 
order to test the effect of ingested creatine upon the creatinuria 
of infants, not only because of the interest attached to the data 
thus obtained, but also since they are necessary in connection 
with results presented in the paper which follows. 

Both subjects used were of the male sex and creatine was a 
constant urinary constituent The creatine and creatinine 
administered were dissolved m the total amount of milk to be 
fed during the day. Hence, the sub3ect leceived but a small 
amount of creatine or creatinine at each feeding. 

The creatine was a pure preparation free from creatinine and 
contained 1 mol of water of crystallization. The amounts noted 
m the protocols, however, are calculated as anhydrous. The 
creatinine was likewise a pure preparation isolated from urine. 

EXPERIMENTAL. 

In the experiments detailed in Table II, it is apparent that even 
on a low protein difet (Experiments 1 and 6), from 12 to 16 mg. 
per kilo, or an absolute amount of 88 mg., sufl&ce to ‘cause an in- 
creased ui inary creatine. No attempt is made to determine the 
least amount of ingested creatine which would lead to such an 
increase, but indications are that it would be veiy small. 

As regards the completeness of excretion, it will be noted that 
m Experiments 1, 2, and 5, on a low protein diet, 24 to 34 per cent 
of the ingested creatine is recovered in the urine during the first 
24 hours. It must be recalled that, in these experiments, the 
creatine administered was mixed with the food and given through- 
out the day with each feeding. As a lesult it is found that the 
urme of the 2nd day still contains extra creatine Hence, if the 
total extra creatine excreted m 2 days is calculated, we obtain 
figures of from 35 to 58 pei cent 

In Experiment 3, the subject is on a high protein level The 
afterperiod^ is considerably lengthened in older to study more 
completely the lag in creatine excretion. In this experiment, 
taking the 1 day forepeiiod as the normal output, in the first 24 
hours theie is an extia excietion of 52 per cent of the cieatine 
ingested. Moreovei, it will be seen that the urmary creatine 
continues to be high for at least 3 day'? after the day of feeding. 
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These increases are greater than the experimental vaiiationsfrom 
day to day In the first 2 days 73 pei cent of the ingested creatine 
is excreted, in 3 days 87 per cent, and in 4 days 98 per cent. The 
figure on the 5th day is still slightly higher than the foieperiod, so 
that the total excretion is 102 pei cent. Allowing 10 per cent, a 
verj'- libeial allowance, for a possible vaiiatioii m the noniial 
excretion, the figure for cieatine on the 5th day may be coiisideicd 
as a return to the normal. Therjefore, the aveiage iiomial excre- 
tion is between 124 and 135 mg. (130 mg.). On this basis we get 
a total extia excretion of creatine of 235 mg , or 89 pei cent of the 
amount ingested. 

Experiment 4 piesents an isolated experiment on cieatmine 
ingestion. In a pciiod of 2 days, 62 per cent of the ingested 
creatinine appeals in the urine. The daily output during this 
time is still not dowm to the noimal figuie of the foieperiod, hence 
it is possible that, had the period been lengthened, moie creatmino 
might have been excreted 

These experiments show no evidence of the conveision of 
ingested creatine into cieatmme or vice versa. 

DISCUSSION. 

The results given above show^: first, that in the infant small 
amounts of ingested creatine lead to an increased ui inary output 
Second, there is evidence that in infants the ingested cieatme is 
nearly or completely ehmmated during a peiiod of seveial days. 
Third, from a compaiison with expeimients in the liteiatuie of the 
behavior of creatine ingested by adult men wuth the behavior m 
the infants studied by us, the following points are suggested (a) 
smaller absolute amounts of ingested cieatme lead to ui inary ex- 
cretion of creatine in infants than is the case with adult males, 
(6) ingested creatine is moie completely excreted by the infant 
than by the adult male; (c) although the compaiison piesents 
greater difficulties of demonstration, there is an indication that, 
per kilo of body weight, smaller quantities of ingested cieatme 
lead to exeietion of creatine in infants than in adult males 

In Expermients 1 and 5 (Table II), wheie the lowest protein 
level obtains, it is found that from 12 to 16 mg of creatine per 
kilo of body weight oi an absolute amount of 88 mg is sufficient 
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to caiipo ail increased urinaiy creatine of from 35 to 58 per cent 
in 2 days Undei similar conditions in the adult male, Folin® 
found it necessary to administer 6 gm. (m thiee portions) before 
excretion ot cieatmc is obtained, and even then but 16 per cent 
of the amount ingested is recoveied. Klercker^® took 2.06 gm. 
(22 mg pel kilo) of creatine on a low protein diet with failure of 
excretion. Plunmei-, Dick, and Lieb^'^ are compelled to administer 
2.5 gm. of creatine to an adult man, on an average protein intake, 
before creatinuiia occurs. This amounts to 34.7 mg. pei kilo of 
body weight. 

On a high protein level (Expermient 3), the excretion in our 
subject is somewhat greater in an equal interval of time than on 
a low level of protein intake. Of the ingested creatine (264 mg 
or 32 mg. per kilo of body weight), 73 per cent is eliminated m 2 
days, and nearly, if not all, in an interval of o da^’^s. On a high 
protein level Folm^ found that ingestion of 5 gm of cieatine (in 
three portions) leads to the excretion of 36 to 54 per cent of the 
amount ingested. Ivlercker finds that undei like conditions when 
2.59 gm. are taken (28 mg per kilo) but 30 per cent of the ingested 
creatine is e.xcretecl 

The results obtained by us aie in accord with those obtained 
by Ki ause^® on oldei childi en, although this author did not observe 
the complete excretion of cieatine which is indicated in bur 
expermient. 

In the normal adult (Fohn,® Kleicker,^® and Meyers and Fine^^), 
there is no such lag leading to a complete excretion of cieatine as 
is observed in Experunent 3 

Powis and Paper found that upon feeding 206 mg of creatine 
to a girl 4 yeais old, with amjmtoma congenita, theie was an 
increased creatine excretion for 48 hours following its adminis- 
tration, leading to a nearly total elimination of the ingested 
creatine. 

Determinations of cieatine tolerance for ehildien and adults of 
!:)oth sexes have not been made, and from scattered observations 
in the literature, accurate compansoiis aie mipossible However, 
on the basis of our experiments, it seems justifiable to say that 

Phmmei, R H A , Dick, M , and Lieb, C C , J Physid , 1909-10, 
\\\ix, 9S 

Powis, F , and Rapei, H S , Biothem J , 1916, x, 363 
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m the infant the tolerance is much less than m the adult, and, 
furthermore, excretion is more complete m the infant than m the 
adult. 

The significance and bearing of these results on recent work will 
be brought out in the next paper. 

CONCLUSIONS 

1. Variations m the acid-base intake have no effect on the 
creatmuria of infants. 

2. There is no satisfactory evidence that acidosis -pet se is a 
factor in the production of creatinuria. 

3. Small amounts of ingested creatine lead to an increase of the 
creatinuria in infants. In a single experiment, on a high protein 
diet, a practically complete elimination of ingested cieatine was 
observed. 

4. There is evidence that the infant differs radically from the 
adult in its behavior towards mgested creatine. 




A STUDY OF CREATINURIA IN INFANTS. 

II. RELATION OF PROTEIN INTAKE TO URINARY CREATINE. 
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(Ftom the Laboratory of the Department of Pediatrics^ and the Hunterian 
Laboratory of Experimental Pathology, Johns Hopkins University, 
Baltimore.) 

(Received for publication, August 2, 1919 ) 

Effect on CreaUne Excretion of Different Levels of Protein Intake 
Obtained by Giving Milk or Milk Dilutions. 

The relation to crcatinuria of various dietary factors has been 
suggested and investigated Recent investigations seem to in- 
dicate quite definitely a relation of creatinuria to the size of the 
protem intake.^ In as far as these observations apply to infants, 
investigators are confronted with the difficulty of administering 
a creatine-free diet. We shall present data m this paper which 
show that, in the infant on a milk diet, the protein intake per se 
is not entirely responsible for the increased output of creatine 
obtained by increasing the intake of milk. 

One of us^ several years ago, during a study of the nitrogenous 
end-products found in the urine of an infant at different levels of 
protein intake, noted that during the period when the least amount 
of protein was given there was an almost complete disappear- 
ance of creatine from the urine As the quantity of protein in 
the food was increased, the amount of creatine in the urine rose 
steadily. The creatinine excretion preserved throughout the ex- 
periment a closely constant value. During all the experimental 
periods the infant received a normal caloric intake, and the nitrogen 
balance was positive. The size of the protem intake, as a factor 
concerned in determining the quantity of creatine in the urine, 

1 Denis, W , J Biol Chem , 1917, xxx, 47 Denis, W , and Kramer, J. 
G., ibid , 189 Denis, W , and Minot, A S , ibid , 1917, xxxi, 561. 

® Talbot, F B , and Gamble, J L , Am J Dis Child , 1916, xSi, 333. 
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seemed clearly indicated by this experiment. Folin and Denis* 
had previously suggested that this effect might be obtained in 
children by varying the quantity of protein given. They based 
their assumption on the theory that the normal creatinuna of 
children is due to a much higher level of protein consumption in 
proportion to body mass than is the case with adults. 

We undertook some time ago to confirm these findings by 
repeating the experiment with several infants. Soon after we 
had begun our work, Denis and Kramer^ published the results of 
similarly devised experiments, using as subjects several children 
and one infant. They found a wide difference in the amount of 
creatine in the urine when the excretion on high and low protein 
diets was compared They conclude, “that the amount of 
creatine found in the urine of children is diiectly dependent on 
the intake of protein, being high when large quantities of protein 
(creatine-free) are ingested, decreasing and in some cases dis- 
appearing entirely when the child is fed a diet of an extremely 
low protein content “ The protein constituents of the high 
protein diet given the children were eggs, cheese, gelatin, and 
milk. A mixture of whole and fat-free milk constituted the high 
protein food of the infant. Durmg the low protem period, the 
infant received 40 per cent cream, oatmeal water, and lactose 

In the experiments on infants, to be reported in this paper, 
different levels of protem were obtained in quite the same way, 
except that for the low protein periods we used a dilution of 16 
per cent cream We therefore did not feed so small a quantity 
-of protem as did Denis and Kramer,* which possibly accounts for 
the fact that we did not obtain in any instance a complete disap- 
pearance of creatine fioin the urine. A propei caloric value was 
obtained in the cream dilutions by the addition of lactose. The 
methods employed have been described m the preceding paper. 

Results of Experiments. 

The results of our experunents are given in Table I They are 
substantially in agreement with those of Denis and Kramer.* A 
high excretion on whole milk and a low excretion on diluted cream 
is obtained m both instances. Dilutions of whole milk give an 

3 Folm, O , and Denis, W , J Biol Chem , 1912, xi, 253 
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TABLE I 


Effect on Creatine Excretion of Invi easing the Quantity of Milk Given. 





Unne 


Pood 

Fore- 

period 

Date 

Nitro- 

gen 

Cieat- 

inine 

1 Creatinei 
as 1 
1 Great- I 
innio 

Weight 


Bxpenment 1 Subject M, age 14 mouths, underweight 


1 

days 


gm 

mg 

mg 

hg 

16 per cent cieam, 224 cc 







Watei, 896 cc 

5 



70 

60 

6 5 

Lactose, 56 gm 


“ 23 


72 

64 


whole milk ) 


“ 24 


70 

63 




“ 25 


68 

62 


7 gm protein 

i 


0 84 

70 

62 


2 







^ whole milk + lactose 

1 ^ 

Api 2 


76 

76 

6 6 

47 gm , 1,120 cc 


“ 3 


70 

68 




“ 4 


6S 

61 




“ 5 


60 

64 


18 gm, piotem 



2 14 

71 

67 


3 


■1 





Whole millc + lactose 20 

2 



72 

97 

6 7 

gm , 1,120 cc 


wBrn 


71 

93 




■1 


76 

89 


1 

36 gm protein 


HI 

456 

73 

91 


4 

1 



m 



Whole milk + lactose. 

14 

Apr. 30 



110 

6 7 

continued 


May 1 


79 

107 




“ 2 


81 

99 




“ 3 


82 

120 




“ 4 


74 

117 





4 62 

79 

111 


6 



■ 


■ 


Whole milk + lactose. 

22 

May 8 


81 


6 8 

continued 


“ 9 

■ 

81 






5 08 

SI 

124 
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TABLE i—Concluded, 


Effect on Creatine Excretion of Decreasing the Quantity of Milk Given. 





1 Urine 


Food 

Fore- 

period 

Date 


Creat- 

inine 

Creatine 

as 

creat- 

inine 

Weight 


Experiment 2 Subject G, age 10 months, normal infant 


1 

Whole milk + lactose 20 
gm , 900 ee 

30 gm protem 

days 

13 

n 

gm 

mg 

84 

82 

Bl 

00 

4 37 

83 

108 , 

2 



n 




16 per cent cieam, 390 cc 

2 

May 15 


72 

79 

6 5 

Water, 730 cc 


“ 16 


71 

69 


(-} whole milk ) 


" 17 


69 

53 




“ IS 

■ 

61 

49 


12 gm protem. 



m 

68 

63 


3 



B 




Same -f lactose, 50 gm 

8 

May 21 


65 

51 

6 9 



“ 22 


60 

40 




“ 23 

B 

63 

49 





1 20 

63 

47 



intermediate value. It should be noted, however, that in the 
case of Subject M there is still a considerable excretion of creatine 
when the food given is cream diluted four times. We are inclined 
to doubt the possibility that creatine could have been made to 
disappear by giving still less protein. 

The fact that the increase m creatine excretion takes place 
quite gradually, on changing from a low to a high protein intake, 
appears in the tables. In the case of Subject M, the increase in 
creatine excretion on a high protein intake is followed over a period 
of 3 weeks, and even then we cannot be certain that it has reached 
a stationary value. It will also be noted that on changing from 
a high to a low protein intake (Subject G) the decrease in creatine 
excietion, while it takes place more rapidly, nevertheless requires 
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a period of days to reach a fixed level. In order to indicate the 
relation of this time factor to our results, we have placed in the 
tables, in the column marked “foreperiod,” the number of days 
the infants were on a given protein intake before the observation 
period was begun. 

Beside's the increase in creatine excretion as the level of protein' 
intake is raised, there is also a gradual but definite increase in 
creatinine elimination (Subject M) . Greatly lowering the protein 
intake produces a well marked decrease in creatinine excretion 
(Subject G). A relation of protein intake to creatinine excretion 
is not discernible in the tables of the results of Denis and Kramer’s^ 
experiments. 

Effect on Creatine Excretion of Varying the Amount of Whey Cfiven. 

Different levels of piotein intake were obtained in the experi- 
ments just described by giving whole milk, whole milk diluted, or 
16 per cent cream diluted. The infants, therefore, received 
various amounts of cow’s milk. The resultant effect on creatine 
excretion is evident. However, from the results of experiments 
described below, it appears clearly that creatine excretion in 
infants, fed on cow’s milk, cannot be related directly to protein 
intake per se. 

Although milk has been regularly and largely used as a con- 
stituent of creatme-free diets, it has long been known that milk 
is not creatme-free The quantity of creatine in cow’s milk has 
been considered so small as to bear no appieciable relation to 
creatine excretion. In the case of infants, however, whose sple 
food IS milk, and who take a relatively large volume of it, it would 
seem that its creatine content ought to be considered. 

Using the method of Wilson and Plass,* we have obtained figures 
for preformed creatinine of =t 1.0 mg., and for creatine of 6 to 11 
mg. per 100 ec. of cow’s milk. Holm’s method® may give results 
equally high. The older infants, with whom we experimented, 
received durmg the period of high protein feeding more than a 
liter of milk. If the value of creatine content given above is 
approximate^" correct, variation in the quantity of preformed 

^ Wilson, D W , and Plass, ED,/ Biol Chcm , 1917, xkix, 413 

I* Folm, 0 , J Biol Chcm , 1914, xvii, 476 
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cieatme m the food would bo sufficient to account for the diffeicnce 
between the quantities of creatine in the urine, when large and 
small amounts of cow’s milk weie given We very much doubt 
their conectness. 

Denis and Minot® liave recently reported that the values 
obtained by Folin’s method are twice too high We submit, 
however, that it is extremely difficult to determine the quantity 
of creatine present in milk We have,, by various devices, tried 
to obtain a dependable coloi of sufficient intensity to read accu- 
rately, but have been quite unable to attain the conviction that 
we could measure the quantity of creatine present with even 
approximate accuraev We have had no better success with the 
recently published method of Denis and Minot ® 

In an experiment described m the preceding paper, it was found 
that creatine fed to an infant was excreted apparently quanti- 
tatively This result greatly mcreased our suspicion that the 
preformed creatine present in cow’s milk may be a large factor m 
the creatine excretion of infants Having decided that we were 
unable to test this point directly by measuring the creatine content 
of milk, we undertook to obtain indirect evidence by observing 
the effect on creatine excretion of varying the amount of whey in 
the food Creatine may reasonably be supposed to be in solution 
m milk If this is true, its quantity in the infant’s food wdll be 
proportional to the amount of whey present. 

Results of Experiments 

The results of these experiments aie given m Table II. In 
Experiments 1 and 2, three experunental diets were used. The 
infant was first given diluted cream, then undiluted whole milk, 
and, finally, diluted cream plus purified casein to such extent as 
to raise the protein value of the mixture to nearly that of undiluted 
milk. In Expeiiment 1 the excretion of creatine falls to the same 
low value on the diluted cream plus casein diet (Period *3) as when 
diluted cream alone is given (Period 1), in spite of the fact that 
the protein intake on the former diet is three times that when 
diluted cream alone is given. When the protein intake is increased 
by administration of skim milk (Period 2) , the creatine excretion 

® Denis, W , and Minot, AS,/ Biol Chem , 1919, xx’svu, 353 



TABLE II 


Effect on Cieatine Excietxon of Varying the Quantity of Whey in the Food 





Urine 


^ Food 

7 

4 

1 

i.. 

Fore- 

penod 

Date 

Nitro- 

gen 

Creat- 

inine 

Creatine 

as 

creat- 

inine 

Weight 


V 1 

days 

1917 

gm 

1 7no 1 

mg 

Lg 

16 per cen*. cream, 390 cc 

8 

May 21 



51 


Water, 730 jcc 


“ 22 



■ 40 


Lactose, 50 gm 


“ 23 


63 

49 


12 gm protein 



1 20 

63 

47 

6 9 

2 



mm 




Skim milk, 1,120 cc 

6 

June 19 


83. 

135 




“ 20 

■ 

84 

132 


40 gm protein 


. 1 

5 30 

84 

133 

8 2 

3 

16 per cent cream, 280 cc 

5 

July 6 

■ 

79 

44 


Water, 840 cc 







Casein, 30 gm 


« 7 


83 

48 


Lactose, 60 gm 







38 gm protein 



3 84 

81 

46 

8 2 

Experiment 2 £ 

Subject 1 

S, age 8 mo 

inths , ur 

ideinoui 

iished 


1 

16 per cent cream, 168 cc 

3 

Jime 5 


56 

12 


Barley water, 672 cc 







Lactose, 60 gm 


“ 6 


56 

12 


whole milk.) 







5 gm protein 



0 50 

56 

12 

5 4 

2 







Whole milk, 900 cc 

10 

June IS 


56 

59 




“ 19 

■ 

55 

58 


30 gm. protem 



3 78 

56 

58 

5 5 

3 



mm 




16 pel" cent cream, 230 cc 

8 

July 5 


55 

48 


Ba ley water, 760 cc 







Casein, 20 gm 


“ 6 


53 

47 


Lactose, 45 gm 







27 gm protem 



3 03 

54 

47 

5 9 
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TABLE ll~C'oni luded 





1 Uunc 


Food 

Pore- 

ppriod 

Date 

Nitio- 

gon 

Creat- 

inine 

Crealme 

as 

creat- 

inine 

Weight;/ 

/ 


Expel imeiit 3 Subject X, age 16 months, unci ci weight 


1 

days 

1910 

atn 

tng 

mg 

J 

/ hg 

Whole milk, 1,180 cc 

5 

Apr 2 


S3 

80 ■' 




“ 3 


81 

78/ 




“ 4 


SI 

81 


Nitrogen, 5 34 gm 



4 41 

82 

mm 

5 9 

2 

Water, 1,050 cc 

■ 

Api 22 

■ 

81' 

18 


Cuid fioin 1,500 cc milk 


“ 23 


90 

22 


Dextii-maltose, 70 gm 


“ 24 


91 

19 


Nitiogcn, 4 20 

■ 


■ 

88 

20 

5 9 

Expel iment 4 

Subject R, age 2 yis , underweight. 


1 ' 
Whole milk, 1,120 cc 

3 

Mai 20 


78 

93 


1 


'' 21 


SI 

89 i 


Nitrogen, 5 01 gm 



4 40 

SO 

91 

6 S 

2 



■mil 




16 pel cent cream, 320 cc 
Whej , 800 cc 

2 

Api 9 

m 

93 ! 

105 


Lactose, 24 gm 


“ 10 


09 

104 


Niti ogen, 2 26 gm 



1 43 

96 

104 

7 2 

3 

10 jici cent Cl cam, 320 cc 
Water, SOO cc 

5 

Apr 25 


91 

34 


Casein, 24 gm 

Lactose, 24 gm 


“ 26 


89 

34 


Niliogcii, 4 35 gm 



3 21 

90 

34 

0 9 


Expcnnicnt 5. Subject C, age 4 months; slightly underweight. 


1 

Bieast milk, 620 cc 

Nitiogon, 1 01 gm 

1 

Api 4 
“ 5 

“ 6 


46 

47 

45 

10 

11 

11 

4 5 

0 42 

46 

11 

2 







16 per cent cream, 134 cc. 

3 

Api 19 


55 

51 


Whey, 536 cc 


“ 20 


60 

40 


Lactose, 7 gm 

1 

“ 21 


69 

41 


Nitiogen, 1 15 gm 



0 81 

61 

44 

4 6 


” Computed from a 12 hr specimen 
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is markedly incieased In Expeninent 2, with a similar experi- 
inental procedure, the same lesiilt is not obtained; the creatine 
ex^cretion remains iieaily as high on the diluted cieam plus casein 
diet (Peiiod 3), as during the whole milk period (Period 2). In 
Experiment 4, however, there is also found a much lower creatine 
excretion on a cieam plus casein mixture than occurs when whole 
milk IS fed Although the protein intakes are not exactly the 
same, the difference is slight, and, furthermore, the differences m 
creatine loutput are out of pioportion to the slight variation in 
protein. ' 

In another experiment (No. 3), four times as much eioatmr- is 
found ill the urine on a whole milk diet as when curd without 
whey is given. The effect of diluting cream with whey is 
tested in Experiment 4 and it is found that somewhat more 
creatine is excreted than when the food is whole milk, containing 
mdre than double the amount of protein 

We obtained with a 4 months mfant a breast milk period (Ex- 
periment 5) and find the excretion of eieatine low. B least milk 
protein is, in contrast with cow’s milk protein, largely composed 
of whey proteins. This infant was then given a cieam and whey 
mixture of neaily the same nitrogen value as breast milk, and 
containing casein and whey in approxunately the same proportions 
as breast milk. The creatme excretion on this food is four times 
as great as on breast milk. This observation suggests that cow’s 
milk may contain a great deal moie creatine than breast milk 
Inference from the results of this expeiiment is difficult, however, 
from the fact that the urme durmg the cieam and whey period 
contains double the amount of nitrogen found when the food was 
breast milk, although the nitrogen intake was the same 

Creatinine excietion is increased in Experiment 1 , when the food 
was changed from diluted cream to skim milk, and the same effeef, 
is obtained in Experiment 4, when whey was added to the 
cream. In both instances the higher value for creatinine cxcie- 
tion IS maintained when the diet was changed to a protein intake 
composed mostly of casein, although on this diet there is, m* 
these oxpeiiments, a marked decrease in eieatine excretion. No 
effect on creatinine was obseived in Experiment 2. 
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Creatinuria in Infants II 


Discussion of Results. 

The most obvious inference to be obtained from these results 
IS that creatine contained m cow’s milk may be a large facto/ in 
the creatmiiiia of infants fed on modification of cow’s milk. / We 
are altogethei uninformed as to the actual value for crea^ne in 
cow’s milk, and therefore admit the possibility of the presence in 
the whey of a pi ecursor of creatme One point clearly brdught out 
IS that the cieatinuria of infants cannot be directly refenjed to the 
total piotem value of the milk §iven. We do not wish to argue 
that the values for creatme excretion obtained by Denis and 
Kramer^ m children may have been due to the milk portion of the 
high protein diet used. We feel, however, that the as yet unde- 
termined value foi the creatme content of milk makes somewhat 
uncertain the mteipretation of the significance of cieatinuria when 
milk forms part of a supposedly creatine-free diet 

The increased creatinine excietion on whole milk and on cream 
and whey may very well have been due to the larger amount of 
creatmmo in the food than was the case when diluted cieam was 
given. The fact that the creatmme excretion remained high, 
when the high protein intake was composed nearly altogether of 
casein (Experiments 1, 2, and 4), requires some other explanation. 
Wo can only suggest with diffidence that it is conceivable that 
an mciease in endogenous metabolism may have been caused by 
the effect on basal metabolism of the high protein intake. The 
specific dynamic effect of protein has been shown to be very large 
ill infants.’ 

Steenbock and Gross® have reported an inciease of creatmuiia 
ill starving pigs when they are given casein The results of our 
experiments on infants are not m agreement with this finding.- 
Such a discrepancy of result is not, however, surprising when the 
wide difference m experimental conditions is taken into consider- 
ation. The basis of Steenbock and Gross’ expermients is a 
starving metabolism, whereas the subjects of our experiments 
received an adequate caloric intake. 

■^Howland, J, Ti 15th Intel nat Cvngr Hyg and Demog , 1913, ii, pt 
2, 438 Hoobler, B R , Am J Dis Child , 1915, x, 153 

® Steenbock, , and Gross, EG,/ Biol Chem , 1918, xxxvi, 265 
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' SUMMARY. 

i 

’,We piesent the results of experiments which indicate that the 
cre’i^tine excretion of infants bears a relation to the quantity of 
cow \S milk fed, and also results of other experiments which indicate 
that 'the quantity of whey given is more directly related to the 
degree of creatmuria than is the total protem value of the food. 

On thq assumption that preformed creatine in milk modifications 
is in proportion to the quantity of whey present, our results 
suggest that the ingestion of creatine is probably a large factor in 
the creatinuria of infants fed on cow’s milk. The desirability 
of a more definite knowledge of the creatine content of cow’s milk 
is indicated. 

Note — Since this paper was completed for publication Denis and 
coworkers have published creatine and creatinine determmations on 
human and cow’s milk (J Bxol Chem , 1919, xxxviii, 453, xxxix, 47), 
using the method of Denis and Minot ® The amounts found are smaller 
than those obtained by earlier methods, yet, on the basis of the above 
work, are sufficient to pioduce changes in urinary creatine upon varying 
the quantities of whole milk fed to infants The suggestion above, from 
an isolated experiment, that cow’s milk may contain moie creatine than 
human milk, is not borne out by Denis’ figures 
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PLACENTAL FEEDING AND PURINE METABOLISM. 

By victor JOHN HARDING and ELRID G YOUNG. 

{F)om the Biochemical Laboiaioty, McGill University, Montreal) 

(Received foi publication, September 12, 1919 ) 

In a previous papei Harding and ForU made the suggestion that 
if tjie placenta played an active pait in the nutiition of the fetus 
such a role might perhaps be found in its influence on the purine 
metabohsm This was suggested by the fact that their placental 
pieparation proved to be unusually iich in arginine when com- 
pared with other organs of the human body, and also by the fact 
that Aeki-oyd and Hopkins^ had adduced evidence to show that 
arginine and histidine could be regarded as the precursors of syn- 
thetic purines m the growing lat 

EXPERIMENTAL 

In Older to obtain experimental evidence either foi or against 
the supposition, it was decided to institute a senes of feeding ex- 
periments in which the influence of the placenta could be con- 
trasted with that of other proteins which might possibly soivc as 
leserve sources of one or more ammo-acids foi the fetus Pla- 
cental feeding was compared with muscle feeding, and the effect 
on the excretion of allaiitoin and uric acid noted in the gi owing 
dog (not in the adult) The puppy was chosen as the experimental 
animal, as it gave us the opportunity to use the meat powder and 
placenta in moderate quantities, moreover, the quantity ot food 
could be readilj’’ controlled, and a sufficient amount of urine was 
available for daily analysis. In addition, we wished to obtain 
e\ndence on the condition of croatmuria which is piesent in puppies 
and kittens according to Closson,® and our expciiments weie thus 

^ Haidmg, V J , ami Foil, C A , J Biol Chom , 1918, xxxv, 39 

' Ackroyd, H , and Hopkins, F G , Biochem J , 1916, x, 551 

2 Closson, O E , Ani J Physiol , 1906, xvi, 252 
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designed for a double pm pose.- Our experiments on creatinuna 
will be reported m a later communication. The kitten was found 
to be unsmted as an experimental animal. Confinement in a 
metabolism cage soon causes loss of appetite m the most robust 
animal Even with the puppy it was found advisable to insti- 
tute a “fiee” day every 3 or 4 days to insure a continuance of 
health. On the “free” day the puppy received the experi- 
mental diet but was not confined m the metabolism cage. The 
puppies used were usually between 3 and 4 months of age. Before 
the experiment they were kept on an initial purme-free diet, 
mainly of bread and milk Their weight was recorded at regular 
mtervals and showed that they were malang satisfactory growth 
before and during the experimental periods. 

A prehminary investigation, in which a number of puppies 
was allowed to eat a diet of bread, milk, and potatoes ad hhitum, 
and on which they made satisfactory growth, showed us that about 
100 calories per kilo of body weight could be considered as ample. 
Our experimental diets were consequently based on this figure. 
The following diets were used. 


Diet 

Weight 

Content 

Calories 

Protein. 

Carbohy- 

drate 

Fat 


em 

gm 

gm 

gm 


Initial purine-free 


16 5 

62 6 

8 6 

404 3 

Milk , . . 

200 





Bread 

100 1 





Meat 


15 6 

75 0 

0 3 

373 8 

Potato 

250 





Dextrin* 

35 





Meat powder 

15 

1 




Placenta 


15 6 

75 0 

0 4 

373 9 

Potato 

250 





Dextrin* 

35 



1 


Placenta powder . 

15 






* Dextrin was sometimes replaced by corn-starch and occasionally in 
part by cane sugar 


The day’s rations were divided into two portions, supplied m the 
morning and evening, and were greedily eaten by the puppies. The pota- 
toes were always very thoroughly boiled, and whenever corn-starch was 
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used it was made mto a paste before being mixed with the remainder of 
the diet. These details, although seemingly msignificant, proved to be 
essential to the success of the experiments 

Meat Preparation. 

The meat powder wa!s prepared from lean round steak All visible fat 
and connective tissue were cut away, and the meat was passed through a 
mmcing machme. The minced meat was then placed m boilmg water for 
a period of 10 to 15 minutes By means of cheese-cloth the coagulated 
mass was strained from the aqueous solution and much liquid fat. It was 
then reminced, and boiled again for a second and a third period By this 
time practically all the fat and most of the exti actives had been removed 
After the last filtration, the remainder was spread out on coarse filter 
paper and rapidly air-dried at ordinary temperature The brittle, dark 
brown material remaining was then giound to a fine powder m a mill and 
kept ready for use in tightly stoppered bottles When wanted for use, 
the amount required was weighed out and allowed to absorb water before 
addmg it to the potato and dextrin or corn-starch A determmation 
of nitrogen by the Kjeldahl method showed 13 6 per cent of the dried 
substance 

Placenta Preparation 

The placenta,* immediately on delivery, was placed in a jar of sterile 
salt solution, covered by a layer of toluene, and the whole brought to the 
laboratory within a few hours The fresh placenta was first washed free 
from large masses of clotted blood Then the umbilical coid and free 
membranes extending beyond the mass of chorionic villi were cut off as 
short as possible The placenta was next placed ventral side up m a large 
basin and the remaining membrane dissected away It was found pos- 
sible by this means to remove practically all the large blood vessels The 
remainmg mass was thoroughly "washed undqr the tap, then torn up mto 
small pieces and again washed, and finally stiained through cheese-cloth 
The product was then finely minced in a mincing machine, and the remain- 
ing blood was removed by placing this material in tall glass jars through 
which a stream of cold water constantly circulated To prevent loss of 
material a piece of cheese-cloth was tied over the top of the jar The wash- 
ing occupied from 6 to 12 hours, depending on the condition of the pla- 
centa The washed mass was filtered through cheese-cloth and then coagu- 
lated by immersion in boiling water, faintly acidified by acetic acid, for a 
period of 10 minutes At this stage the coagulated placenta was again 
passed through a mincing machine and subjected to further boiling in 
water for another two periods of 10 minutes each After the final boiling 

* The placentas were obtained from the Montreal Maternity Hospital, 
and our thanks are due to the authorities for their kindness and cooperation 
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the mass was filtered at the pump, washed AVith distilled water, and aii- 
dried It was then ground to a fine powder in a mill, so that it passed 
through an 80 mesh sieve, and ivas preserved in stoppered bottles until 
lequired. About 1 kilo of material was thus piepared, representing 
forty-three placentas A determination of nitrogen showed 13 7 per cent 
of the dry weight 

Total Purine Determination 

The two experimental diets are not purme-free Both the meat 
and placenta contain nucleoproteins and water-soluble purines 
The total purine content of muscle is given by Burian and Schur® 
as about 0 055 gm of purine nitrogen per 100 gm of fresh tissue. 
Placenta has been exammed by Wells and Corper® who found 
0 057 gm of purine nitrogen m 100 gm. of fresh tissue. Thus, m 
the fresh state, the two tissues have practically identical purine 
contents. In both our diets, however, washmg of the protein 
had been resorted to, and we felt it incumbent upon us to determine 
diiectly the purine content of our meat and placental powders. 

30 gm of meat oi placental powder were boiled under a reflux condensei 
with 1 liter of 6 per cent sulfuric acid for 18 hours The residue was 
filtered off and submitted to a further hydrolysis with 500 cc of 5 per cent 
sulfuric acid for 12 hours A slight lesidue fiom this hydrolysis was ne- 
glected The filtrates weie then neutralized separately by sodium hydrate 
and brought back to a condition of slight acidity with dilute acetic acid 
They wei e next separately treated at the boiling point with copper sulfate 
as a 10’ pel cent solution and saturated sodium bisulfite solution, added 
alternately until a pronounced piccipitate of cupious oxide was visible 
The filtiate from the second hydrolysis gave veiy little piecipitate The 
cuprous pm me piccipitates veie united and decomposed in waim water 
by satuiation with hydiogen Wfidc The filtiate and washings fiom this 
decomposition weie next evapoiatcd down to about 500 cc , and the puiines 
again precipitated by coppei sulfate and satmated sodium bisulfite solu- 
tions The decomposition of the cupious compounds was earned out as 
before, and the pin me filtrates w'ere concenti ated to about 75 cc This was 
washed into a 100 cc volumetiic fllask quantitatively and diluted to the 
maik A determination of nitiogen in the solution was made on aliquot 
parts by the Kjeldahl method and the lesults calculated as purine nitrogen 

30 gm of meat powder gave 0 0360 gm of N = 09 per cent of total N 
of meat 

30 gm of placental powdei gave 0 060 gm of N = 1 47 pei cent of total 
N of placenta 


® Burian, R , and Sehui, H , Arch ges Physiol , 1900, Ixxx, 241 
® Wells, H G , and Corper, H J,J Bwl Chcfn , 1909, vi, 469 
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The two experimental diets thus differed m theii* purine content 
by about 12 mg per day This small difference is insufficient to- 
influence our results, for the differences which we have observed 
are far beyond that figure In order to follow the influence of the 
placenta feeding upon the purine metabohsm, we have determined 
tlie excretion of allantoin and of uric acid. 

Unne Analysis. 

The total nitrogen was determined by the Kjeldahl-Gunning 
process. The allantoin was determined by the process proposed 
by Phmmer and Skelton We have found this method, or rather 
our variation of it, very useful; and if the allantoin is not too small 
in amount, it gives an accurate determination The Folin mag- 
nesium chloride method for the determination of urea hydrolyzes 
urea and allantoin into ammonia which, together with the pre- 
formed ammonia, is distilled into an excess of standard acid from 
an alkahne solution The urea and preformed ammonia were deter- 
mmed by the mease method devised by Van Slyke and Cullen.® 
The difference gives the aUantom m terms of ammonia. We have 
modified the Folm magnesium chloride method® to suit our own 
convenience In its original form, m our hands, it always required 
constant attention Our modification, though a little moie time- 
consummg, can be left unattended while other work is proceeding. 

Pipette 5 cc of urme into a 200 cc. Erlenmeyer flask, and add 
5 cc of concentrated HCl from burette and’ 20 gm. of crystallme 
magnesium chloride, together with a small cube of paraffin wax 
about the sizei of a marble The magnesium chloiide should be 
ammoma-free or have its ammonia content determined by blank 
tests. It has been our expeiience that the commercial salt is 
more likely to be ammonia-free than the so called c p high priced 
article A reflux condenser about 45 cm m length and 1 cm m 
diameter is attached to the flask and a large safety thistle tube 
to the upper end of the condenser The safety tube also carries 
at the top a stopper with a glass tube bent at right angles. 
Without these safeguards we foimd it impossible to avoid loss by 

’’ Plimmer, R H A , and Skelton, R F , Biochem J , 1914, viu, 70, 641.. 

* Van Slyke, D D , and Cullen, G E , J Biol Chem , 1914, xix, 211. 

® Folm, 0 , Am J Physiol , 1905, xiii, 46 
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sjiraymg. Having the condenser jacket empty, a medium sized 
Bunsen flame is played over the bottom of the flask until the 
contents boil fairly vigorously. Regulating the flame to maintain 
this rate of ebullition, the evaporation is continued until marked 
frothing occurs. This takes about 5 to 10 minutes. By gradually 
reducing the size of the flame, the frothing is easily controlled, 
and the concentration is continued until the flame of 1 inch in height 
is reached. This heat just serves to keep the solution boiling and 
is maintained for a period of 2 hours. Occasionally very little froth- 
ing' occurs, and in these cases the concentration is continued until 
each drop of liquid falling back from the condenser causes a marked, 
spattering of the contents of the flask. Boilmg gently for 2 hours 
continues from this point. The concentration to be aimed at is 
just short of saturation of magnesium chloride at that temperature. 
We have found that the primary boilmg hydrolyzes the urea, and 
the second the allantoin. During the second period of boiling 
under constant conditions, a stream of cold water is run through 
the condenser. During this second period the determination 
requires no attention, as there is no dapger under these conditions 
of the liquid in the flask becoming alkaline. At the end of 2 
hours, the flask is allowed to cool, and the ammonia determined 
as in an ordinary Kjeldahl operation, using 10 cc. of 10 per cent 
sodimn hydrate to render the contents of the distillation flask 
alkaline. 

In order to prove the accuracy of this procedure for the deter- 
mination of allantoin, it was deemed advisable to make tests on 
various concentrations of pure urea and allantoin solutions. The 
urea was determined by the urease method of 'V%.n Slyke and 
Cullen, while the Kjeldahl method of total nitrogen estimation 
served to check the mixed solutions. 2 5013 gm. of pure urea 
were dissolved in 100 cc of distilled water and 0 5005 gm. of allan- 
toin was dissolved in a like volume of water 

Urea determinations. • 

1. By urease method on 0 5 cc of solution 

HCIn/ 20 
cc 

10 
10 
10 
10 


NaOH n/ 20 Urea N 
cc mg per cc. 

1 65 
1 65 
1 58 
1 58 


Average. 


11 69 
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2. By Kjeldahl method on 6 cc 

of solution 




HCl N/lO 

NaOH N/10 

Urea N 


ce 

cc 

mg per cc 


50 

8 73 



50 

8 70 


Average . . 

... 

... 

11 69 

Calculated . . . . . . 

.. . 



. 11 68 

Urea plus allantoin 




1 By modified method, using 5 cc 

of urea + 5 

cc. of allantoin solutions. 


HCl N/lO 

NaOH N/10 

N 


CC 

cc 

mg per cc 


55 

6 95 



65 

6 90 


Average 

• 

. 

13 62 

2. By Kjeldahl method 





HCl n/10 

NaOH n/10 

N 


ce 

cc 

mg perec. 


50 

2 00 



50 

2 10 


Average 


. 

13 54 

Calculated 

. 

. 

13 47 

Allantoin determined 


♦ , 

1 83 

“ calculated 

. 


1 79 


The pure solutions were next diluted ten times with distilled 
water and the determinations repeated omitting the Kjeldahl 
estimations. 


Urea determinations. * 

1. By urease method on 0 5 cc. of solution. 



HCl 0 01073 N 

NaOH 0 02475 n 

N 


CC 

CC 

mg ptT cc. 


25 

18 22 



25 

18 24 


Average 



. 1 167 

Calculated . . , 

. 

• 

. 1 168 

Urea plus allantoin 




1. By modified method on 5 cc. 

of urea + 5 cc. qf allantoin 


HCl N/10 

NaOH n/10 

N 


CC 

CC 

m ,7 per cc. 


10 

3 80 



10 

3 85 


Average 

• • 


. 1 342 

Calculated 


* • • • 

. 1.347 

Allantoin determined 


• • • « • • 

. 0 185 

** calculated 


f • • • » • • 

. 0 179 
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TABLE I. 

Urine Analysis 
Puppy W 



TABLE n. 
Urine Analysis 
Puppy G 
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Uric acid was determined coiorimetrically by the Folin-Ma- 
callum^® method as modified by Benedict and Hitchcock.^^ In 
the earlier part of the experiments, we were much troubled by 
turbidity arising in the solutions, but on using the modified 
Benedict uric acid reagent, this difficulty disappeared. 

As a check on the collection of urine, creatinine was determined 
by the micro method of Fohn,^® using creatimne zinc chloride as 
a standard, and picric acid purified according to the method of 
Fohn and Doisy.^^ The creatine determinations also formed an 
essential part of the investigation on creatinuria. The urines were 
preserved under toluene and all analyses were earned out within 
36 hours. With the diets adopted we were untroubled by any 
fecal contamination of the urine. Glucose was absent from all 
urines as judged by Benedict’s quahtative test. Likewise aceto- 
acetic acid was never observed, although tested for by the nitro- 
prusside method of Harding and Ruttan.^® The results are given 
in Tables I to HI. 

The protocols of the allantom determinations and the weight 
records are appended in Tables IV, V, and VI. 


TABLE IV. 
Weight Records. 


Date 

Puppy 

W. 

Pigpy 

Date 

Pu^py 

im 

gm 

gm 

1918 

gm 

Api 3 

2,935 

2,650 

June 20 

2,840 

“ 6 

3,010 

2,695 

“ 26 

3,105 

“ 10 

3,100 

2,730 

“ 30 

3,140 

" 13 

3,165 

2,790 

July 4 

3,160 

17 

3,320 

2,855 

“ 8 

3,250 

“ 20 

3,400 

2,975 

“ 11 

3,460 




“ 15 

3,270 • 




“ 17 

3,410 


Fohn, 0 , and Macallum, A B., J Biol, Chem , 1912, xi, 265 
“ Benedict, S R , and Hitchcock, E H , J Biol Chem , 1915, xx, 619. 
Neuwirth, I , J. Biol Chem , 1917, xxix, 478 (Note 4) 

Fohn, 0 , J Biol. Chem , 1914, xvii, 469 

Fohn, 0 , and Doisy, E A , J. Biol Chem , 1916-17, xxviii, 349. 

Harding, V J , and Rnttan, R. F , Biochem J , 1912, vi, 445. 













TABLE V 

Allanioin Deternnnahons 


Date 

Puppy W 

Puppy G 

HCl n/10 

NaOH N/10 

Allantom N 

HCl N/10 

NaOH N/10 

Allantom N 

1918 

cc 

CC 

mg -per cc 

CC 

CC 

mg percc 

Apr 6 

25 

1 90 

0 18 

25 

1 70 

0 38 


25 

1 87 


25 

1 68 


“ 7 

25 

3 52 

0 56 

30 

4 20 

0 79 


25 

3 50 


30 

4 20 


“ 8 




25 

3 25 

0 58 





25 

3 20 


« 10 

25 

7 06 

0 11 





26 

8 13 





“ 11 

25 

13 80 

0 30 

25 

13 80 

0 42 


25 

13 85 


25 

13 75 


“ 12 

25 

9 50 

0 25 

25 

9 20 

0 27 


25 

9 55 


25 

9 30 


« 14 

50 

4 58 

0 86 

25 5 

2 85 

0 63 


50 

4 60 


25 5 

2 S3 


“ 15 

75 

18 75 

2 47 

25 

3 43 

1 28 


75 

18 70 


25 

3 47 


« 16 

25 

28 30 

0 87 

25 

8 50 

0 46 


25 

28 32 


25 

8 30 


00 

25 

0 37 

0 77 

25 

6 20 

0 36 


25 

0 37 


25 

6 30 


“ 19 

25 

3 69 

0 2i 

25 

2 85 

0 40 


25 

3 65 


25 

2 90 



TABLE VI. 

AUantoin Determinations, 
Puppy N 


Date 

HCl n/10 

NaOI 

1 

I n/10 

2 

Allantom N 

1918 

CC 

CC, 

CC, 

mg percc 

June 24 

25 

12 15 

12 20 

0 201 

“ 25 

25 

3 15 

3 15 

0 492 

“ 26 

25 

4 30 

4 20 

0 250 

“ 28 

25 

3 50 

3 45 

0 545 

July 1 

25 

13 45 

13 35 

0 490 

“ 2 

25 

10 70 

10 70 

0 480 

“ 3 

25 

8 70 

8 65 

0 700 

“ 5 

25 

11 85 

11 95 

0 449 

« 6 

25 

12 25 

12 25 

0 462 

“ 8 

25 

15 05 

15 00 

0 274 

“ 9 

25 

16 45 

16 65 

0 228 

“ 10 

25 

11 70 

11 70 

0 286 
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DISCUSSION 

It IS evident, from an inspection of the figures given m Tables I to 
HI that the feeding of placenta resulted in an increase in the excre- 
tion of both allantom and uric acid. The smallest rise is shown by 
Puppy G, but even here the result is beyond the range of experi- 
mental error. Large fluctuations occur in the allantom excretion; 
so large that m two cases the variations overlap m the two experi- 
mental periods, and at first led us to believe that there was 
something fundamentally wrong with our analytical technique. 
A revision of this, however, failed to show any serious error from 
this source except that it was realized afresh that extreme care 
must be taken over the allantoin determinations when there was 
only a small amount present As a further check, however, the 
uric acid was determined This, in the case of Puppies W and G, 
was made some weeks after the other analyses, but in Puppy N 
it was carried out concurrently with them As the uric acid 
figures show a similar increase during the period of placental 
feeding, we were confirmed in our opinion that the latter diet 
resulted in an increase in piume metabolism when contrasted 
with meat oi muscle feeding. Furthermore, in Puppy N a return 
to the original meat diet led to a prompt drop in the allantoin 
and uiic acid to then oiiginal level. The increase on the placenta 
diet is too large to be ascribed to the difference in pm-ine content 
of the two diets In the meat diet 18 mg of pmine N were supplied 
per day, m the placenta diet this was increased to 30 mg. per day, 
giving the small difference of 12 mg of puiine N in favor of the 
placenta diet. This was the same for each puppy. The total 
increase in purine N c.stimated m the uiine (allantom N plus uric 
acid N) was 41 05, 99 63, and 118 60 mg respectively for Puppies 
G, W, and N 

The possibility, too, of increased purine catabohsm due to mere 
stimulation may also be dismissed Both diets possessed the same 
nitrogen content, both wcie equally well absorbed, and similar 
amounts of nitrogen were found m the mmes of the two periods 
Both meat and placenta had been deprived of their extractives by 
water. It would appear then that the cause of the difference in 
the purine excretion under the two diets must be sought in their 
amino-acid make-up 
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In an unportant paper entitled “Feeding experiments with 
deficiencies in the amino-acid supply arginine and histidine as 
possible precursors of purines,” Ackioyd and Hopkins, ^ as men- 
tioned before, came to the conclusion that these two ammo-acids 
either togethei or separately can act as 'the raw material foi the 
synthesis of purines in the animal body. It is a generally accepted 
fact that such a synthesis occurs, and naturally the presence of 
the glyoxahne ring m both purines and histidine, and a similaiity 
of arrangement of carbon and nitrogen atoms m arginine and the 
pyrimidine nucleus, had long ago pointed to these two particulai 
ammo-acids as the probable source of such a synthesis Abder- 
halden together wnth Embeck^® and Schmid^'^ had attempted to 
obtain experimental evidence in favoi of such a connection without 
success Ackroyd and Hopkins owe then positive evidence to a 
better selection of expeiimental conditions. They point out that 
in the adult animal such a synthetic piocess is of necessity at a 
mmimum, and the evidence may well escape observation Also 
that to supply an animal either m full nutrition or m a fa'^tmg 
condition with a large amount of an ammo-acid suddenly is to 
supply it in excess of its current needs and to insure its catabolism 
by the most rapid path If there now exists any alternative, a 
path mvolvmg a synthesis would be avoided 
In their evidence, Ackroyd and Hopkins observe the effect on 
growth and upon the excietion of allantoin in the growing rat of 
the withdraw'al of ai’gimne and histidine fiom the diet The orig- 
inal diet, which w^'as entirely adequate, contained casemogen as 
its protem The casemogen was hydrolyzed by acid and trypto- 
phane and C5^stme was added, thus rendering it complete m 
legard to its ammo-acid make-up On this diet the rats made 
satisfactory though not entirely normal growdh The lemoval of 
argmme and histidine led to a prompt loss in body weight and a 

Abderhalden, E , and Embeck, H , Z plnjt^iol Chem , 1909, Kii, 322 

Abdeibalden, E , Embeck, H , and Schmid, J , Z physiol C'hoiii , 
1910, Ixviii, 395 

The acceptance of this aigument involves the assumption of the lapid 
adaptability of the oiganism Otherwise the picsentation of a laige 
amount of a particular ammo-acid would involve its metabolism by all 
paths in accoidance with the active masses of mateiial and the relative 
rates of the chemical leactions 
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fall in the allantom excretion of 40 to 60 per cent. The with- 
drawal of only one of the two amino-acids, however, was followed 
by maintenance of weight, occasionally with a slight rise, and. a 
drop in the allantoin excretion of about 17 per cent. It would 
seem as though arginine or histidine acted independently as an 
essential amino-acid, and functioned as a raw material for the 
synthesis of the purine ring in the growing rat. The fall in allan- 
toin excretion is not a direct outcome of the drop m body weight 
occurring on the withdrawal of argimne and histidine, as the 
removal of trytophane from the diet occasions a loss in weight 
without a corresponding decrease in the allantoin excretion, 
although irregularities in the purine metabohsm were noticed in 
one case 

In attempting to contrast our two experimental diets, we wore 
surprised to find no analysis of lean round steak made according 
to the Van Slyke method. We therefore utilized as the basis of 
our calculations the results of Thrun and Trowbridge^® on a veal 
composite. In Table VII is given the amino-acid content of meat 
and placenta diets calculated in this way. We have also included 
the average results of two analyses of human skeletal muscle 
made by Diummond The figures for the veal composite and 
human muscle do not differ markedly. 

An inspection of the table shows that the meat diet is high in 
lysine as compared with the placenta diet and low in arginine. 
Taking its arginine and histidine content together, the placenta 
diet represents an increase of 50 per cent As no special function 
has as yet been discovered for lysine, and as the results show that 
an interpretation of our experimental figures must bo sought in 
an increment in the placental diet, we are inclined to look upon 
our results as strongly supportmg those of Ackroyd and Hop- 
kins. We should also like to emphasize that in our experiments 
the uric acid excretion was mcreased, as well as the allantoin 
excretion, during the period of placental feeding. This we think 
importantinviewof the results of Benedict®^ on the purine metab- 
olism of the Dalmatian hound in which the allantoin and the uric 

19 Thrun, W. E , and Trowbridge, P. P , Biol. Cliem., 1917, xxxiv, 
343 

9® Drunamond, J 0 , Bxoch&m J., 1916, x, 473 

91 Benedict, S. E , J. Lab. Clin. Med., 1916^17, ii, 1. 
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acid do not always follow parallel excretory paths The increase 
in the uric acid shows unmistakably, in our minds, a synthesis of 
an actual pw me ring. 

Moi cover, it should be again pointed out that in our experi- 
ments the animals were in full nutrition, as evidenced by their 
growth records. The high arginme and histidine diet resulted in 
an increase m the synthetic processes In this respect our experi- 
ments differed markedly from those of Ackroyd and Hopkins, and 
our results are not in accordance with some of the postulates 
expressed m that paper. 


TABLE vn 


Nitrogen partition 

Placenta 
(Harding 
and Foi t) ^ 

Placenta 

diet 

Veal com- 
posite* 
(Thrun and 
Trow- 
bridge) 

Meat diet 

Human 

skeletal 

muscle 

(Drum- 

mond) 


per cent 

mg per day 

per cent 

mg per day 

per tent 

Arginine N 

22 54 

450 8 

13 3 

266 0 

11 17 

Histidine N 

3 12 

62 4 

5 0 

100 0 

4 26 

Lysine N 

7 22 

144 4 

13 5 

270 0 

13 16 

Cystine N 

1 36 

27 2 

1 00 

20 0 

0 85 

Monoamino N 

51 15 


60 60 


58 00 

Non-ammo N 

5 85 




4 30 


* Calculated fiom figures given in Table II, by Thrun, W E , and Trow- 
bridge, P F , .7 Biol Chem , 1917, xxxiv, 351 


Lastly, how far these results may be taken as indicative of a 
function of the placenta, is a matter for fuither experimental 
inquiry. It is certain that the high arginine content of the pla- 
centa, its ready hydrolysis by all classes of proteoclastic enzymes, 
and the formation of allantoin and uric acid in feeding experi- 
ments with the young dog would go to show that one of its possible 
functions may be to act as a leserve store of arginine foi puiine 
synthesis in the fetus Theiesultsof Lewis and Doisy,^® who by 
feeding men diets high in arginine and histidine were unable to 
obtain any increase m the mic acid output, need not be considered 
as antagonistic to our view. With adolescence may come a cessa- 
tion or an impaiiment of the synthetic processes. 

22 Harding, V J , and Young, EG,/ Biol Chem , 1918, xxxvi, 575 
22 Lewis, H B , and Doisy, E A , / Biol Chem , 1918, xxxvi, 1 
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SUMMARY. 

From comparative feedmg experiments on young dogs with 
equivalent diets containmg muscle protein and placenta protein, 
the excretion of allantoin was found to rise markedly on the 
placenta diet. 

The excretion of uric acid parallels that of allantoin and the 
conclusion is drawn that the compai’atively large amount of argi- 
nine present in the placental diet is responsible for the increase 
111 purine metabohsm 

A modification of the Phmmer and Skelton method of deter- 
mining allantoin is described and proofs of its accuracy are given. 



THE EFFECTS OF MALT AND MALT EXTRACTS ON 
SCURVY AND THE ALKALINE RESERVE 
OF THE BLOOD. 

By j. f McClendon, w c g cole, o engstrand, and j. e. 

• middleicauff 

{From the Physiological Laboi atory of the University of Minnesota Medical 
School, Minneapolis ) 

(Received for publication, August 25, 1919 ) 

It has been well established that scurvy may be prevented or 
cured by eating fresh raw food. The object of the present paper 
is to determine whether, in the entire absence of fresh foods, scurvy 
may be prevented or cured by malt products suitable for food for 
infants and adults. Cereal grains may be easily transported and 
stored so as to preserve their sprouting capacity and there would 
be no necessity of a shortage of them, and hence no necessity of 
scuivy if the scurvy-ridden communities knew how to use them. 
Wiltshire has shown that human scurvy may be cured with 
sprouted beans, and Greig advocates their use in the army, but 
one of us has tested the sprouting of beans in anny camps and 
under vaiious climatic conditions and found them far less resistant 
to mould than are any of the cereal grains except maize. Germi- 
nation tests on many samples of beans bought from civilians 
showed that they were incapable of sprouting under any condi- 
tions Anny beans that showed over 90 per cent germination were 
attacked by mould if the temperature rose above 15° at night. 

The relative importance of this work depends on the prevalence 
of scurvy, but we have not been able to obtain complete infor- 
mation on this subject. Dunng the Civil War 30,741 cases of 
scurvy among white troops were recorded Bruntz and Spillmann 
designate “trench-foot ” as a prescorbutic condition. Many cases 
of scurvy have been diagnosed as such only after treatment on 
the supposition that the lesions weie due to another cause 

Durand finds that canned milk (which has been repeatedly 
shown to be deficient m antiscorbutics) causes dental caries m 
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infants. In examinations of young clnldrcn whose infant histones 
were known, 53 to 74 pei cent showed dental caries following a 
diet of canned milk, whereas bi east-fed children showed 28 to 42 
per cent dental caiies If the soundness of teeth depends on 
antiscorbutics in the diet, the subject is one of greater importance 
than it has generally been considered. 

Soon after liolst and Fiohlich in Norway 'began their work on 
scurvy iii guinea pigs, Fuist, 'working m their laboratoiy, showed 
that flesh spioiited bailey is sufficient in antiscorbutic principles, 
but that these proper ties arc lost in the drying of the malt, as is 
usually done m the beer industry Weill and Mounquand have 
disputed the fact that sproutmg bailey contains antiscorbutic 
substances but they admit that the young bailey plant is effective 
in this way. Chick and Hume, an<l Cohen and Mendel have also 
found antiscorbutics m sjDroutiiig grains (oats, barley). 

Since bailey grams yield an acid ash and Wiight has clahned 
that scurvy is the result of acidosis, wc cliinmated this possible 
objection by dctcmiinations of the alkaline icscrve of the blood 
in scurvy as compared yith that in health. We used guinea pigs 
because they are the classical animals for the study of scurvy and 
also rabbits since they ai e particularly susceptible to acidosis. In 
order to control the ash of the food W'-e took two equal weights of 
barley, sprouted one pait, and fed it to one animal, and fed the 
other part, unsproulcd, to an animal of the same size 'Brown 
has shown that the barley gram lose^ or gains no salts by steeping 
as long as it is alive and that the salts gained by the steep wa'tei 
come from the husk Since gumea pigs do not cat the husk, we 
assume that the one eating dry barley gets the same salts as the 
one eating the same weight of spioutcd barley. The guinea pigs 
were kept in cages of \ inch wire screen, with paititions so that 
each guinea pig had a sopaiate compartment They learned to 
drink out of inverted tubes filled ■nnth watci. 

The bailey was sprouted bj'- the drum method, largo, wide- 
mouthed glass jars serving as drums The jars weie placed on 
twm parallel steel shafts, 2 cm. in diameter, 200 cm. long, and placed 
10 cm. apait Both shafts were rotated m the same direction by 
means of a small olectiic motor and womi-gear. The fiiction of 
the shafts on the jars caused them to rotate very slowly Cool, 
moist air was supplied b}' means of an aspiuitor pump and irans- 
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mitted by tubes projecting into the mouths of the jars. Two 
adjacent jars were placed with their mouths facing one another 
and air was supplied to both of them by means of a T-tube. Seed 
barley^ was placed in a jar together with the amount of water it 
would absorb m 24 hours rotation, and at the end of that time 
it was washed, dramed, and the rotation continued until the 
sproutmg was complete. If the temperature within the jar ap- 
proached 30° during the first 48 hours, death of some grains might 
occur, but after the first 48 houis (or, more correctly, after the 



acrospire appeared), the temperature might be raised to 30° with 
impunity. Since use in temperature decreases the time required 
for sprouting, we never let it fall below 20°. The original design 
of the apparatus is shown in Fig. 1. 

In detenninmg the alkaline reserve, twelve guinea pigs and 
six rabbits were used. The animals were weighed every day, but 
the weight curves in this paper are smoothed so as to obliterate 
the confusing details smce we weie unable to compare the curves 

1 We aie indebted to the coopeiatiou of Professor A C Arny for the 
seed barley. 
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in their original form. The weight curves of the gumea pigs are 
shown in Fig. 2, The spaces on the ordinate repiesent differences 
of 100 gm. m weight, and the spaces on the abscissa intervals of 
30 days. The curves of the annuals fed on sprouted barley (with 
acrospire 1 inch long) are represented by unbroken lines, and the 
curves of the animals on dry barley by broken lines The a.mmalp 
are numbered 1 to 6 beginning with the smallest (200 gm.) at the 
left. It may be seen that the annuals on sprouted gram lost httle 
if anything in weight, whereas those on dry gram lost rapidly. 

Gm 
400 


300 


200 


1 A A 


This was not due to lack of water as both sets were supplied with 
water ad Uhitum, and the dry gram was fed in a dish of water. 
The fifth gumea pig on dry gram died in 17 days, the remaining 
were bled to death in 20 to 25 days, and all showed hemorrhages 
characteristic of scurvy None of the guinea pigs on sprouted 
gram showed scurvy symptoms. 

The alkaline reserve was determined by a modification of the 
Van Slyke, Stillman, and Cullen method. We found their 
method satisfactory, but modified it a little so as to compare 
more readily our previous data with the present determinations. 
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Neutral red fades in the standard solutions and we found that 
dibroniothymolsulfonephthalem was more peimanent and gave 
striking color changes, but we did not have enough of it and con- 
fined our determinations to neutral red, making new standards 
every day For standards, we used the borax mixtures of Palitzsch 
since they are better and cheaper than phosphate mixtufes. 
Since Palitzsch does not show the continuous curve for these 
mixtures, and we determined ours with the hydrogen electrode, 
we give the following directions for making them. 

We made stock solutions of 0.05 molecular borax and 0.2 molec- 
ular boric acid and protected them in resistance glass flasks with 
automatic burettes with soda-lime tubes. We used reagent 
borax dried in air as it came from the manufacturer, noting that 
none of the crystals was moist or had effloresced. We recrys- 
tallized the boric acid and dried it in a desiccator. The water 
was freshly distilled and COa-free air was blown through it for 15 
minutes. The followmg table shows the pH and the per cent of 
the borax stock solution, the remainder being boric acid stock 
solution.^ 


pH 

Per cent 

6 6 

6 7 

6 8 

6 9 

7 0 

7 1 

7 2 

7 3 

7 4 

7 5 

7 6 

7 7 

7 8 

7 9 

of borax 

2 5 

2 7 

3 2 

3 9 

5 0 

6 1 

7 4 

9 9 

10 6 

12 7 

15 1 

17 7 

20 5 

23 7 

pH 

Per cent 

8 0 

8 1 

8 2 

8 3 

8 4 

8 5 

8 6 

8 7 

8 8 

8 9 

9 0 

9 1 

9 2 


of borax 

27 3 

30 9 

35 2 

39 7 

44 4 

49 3 

54 7 

60 7 

67.4 

74 5 

81 5 

89 2 

96 8 



We found that the dilution of plasma recommended by Van 
Slyke IS sufficient, as we got practically the same results with 
double or quadruple that dilution, but that the CO 2 remaining in 
the plasma after rotation made a difference of about two drops in 
the titration. This is no objection to Van Slyke’s method, but 
we wished to blow out the CO 2 as thoroughly as we did in the 
electrometric method in order to compare results by the two 
methods The flask was rotated by an electric motor while a 
stream of C02-free air was blown through it, as shown in Fig. 3. 

® We are indebted to Professor Grace Medes for most of the work in pie- 
paring the standards 
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The method may be summarized as follows. Tubes were pre- 
pared for the blood by drying in them enough 25 per cent 
potassium oxalate solution to make 0.2 per cent dry oxalate in 
the blood. The animal was anesthetized hghtly with ether and 
the blood was drawn from the left ventricle (carotid in rabbits) 
and centrifuged immediately. 1 cc. of plasma was introduced in 
a 100 cc. flask of resistance glass and 20 cc. of distilled water, 0.3 
cc. of 0.1 per cent solution of neutral red, and 3 cc. of 0.01 n HCl 
were added. Three similar flasks were made up with 25 cc. of 



Fig 3. 

standard solution and 0.3 cc. of mdicator in each, showing pH = 6.6, 
7.0, and 7 4. The plasma flask was rotated 5 mmutes and, if the 
color came within range of the standards, more acid was added, 
but it is not necessary normally to add more acid. The plasma 
was then titrated in the same flask with 0.01 normal solution of 
COs-free NaOH to the three standard colors in succession. Both 
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acid and alkali were made up with COrfree distilled water and 
kept in automatic burettes that fiU from the top so that the 
solutions do not pass through a greased stop-cock before entering 
the burette. 

The following table shows the alkahne reserve m terms of a 
normal solution, as titrated to the three standards. Owmg to 
changes in ionization by dilution, we prefer not to say what pH 
is the correct end-point, but any end-point may be noted by 
drawing a curve through the three points. 



Scurvy guinea pigs (dry barley) 

Controls (barley with 1 m sprouts) 

No 

pH 

pH 


6 6 

7 0 

7 4 

6 6 

7 0 

7 4 

1 



0 021 


0 014 


2 



0 017 

0 018 

0 016 


3 



0 026 

0 021 

0 019 


4 

0 020 


0 017 

mSm 

0 019 


5 




WSSm 

0 021 

0 019 

6 

0 022 

0 020 

0 017 

mm 

0 018 

0 016 


It may be seen from the table that with the exception of Scurvy 
Guinea Pig 3, which was m a moribund condition with dark 
venous blood, there is no essential difference between the alkahne 
reserve of those with and without scurvy. If the alkahne reserve 
changed duriag ether anesthesia, and differently in different indi- 
viduals, that would account for the slight differences shown, but 
not for the similarities of the two groups. We must conclude 
that acidosis has nothing to do with scurvy in the guinea pig. 

The weight curves of the rabbits are shown in Fig. 4, those on 
sprouted grain are shown by unbroken Imes and those on dry grain 
by broken lines. The spaces on the ordinate represent differences 
of 300 gm. in weight, and the space on the abscissa represents an 
interval of 20 days. The rabbits were numbered 1 to 3 beginning 
with the pair at the top (900 gm.). The rabbits on sprouted 
barley remained nearly constant in weight, while those on dry 
barley lost and two of them died before blood was drawn. The 
900 gm. rabbit on dry grain showed scurvy lesions when blood 
was drawn on the 21st day. Before the beginning of the experi- 
ment, all the rabbits had been kept together and fed on oats and 
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hay. Hence they were particularly susceptible to a scorbutic diet. 
The alkaline reserve is shown in the following table. 



Scurvy rabbits (dry barley) 

Controls (barley with 1 in sprouts) 

No 

pH 

pH 


6 6 

7 0 

7 4 

6 6 

1 ° 


1 

0 008 

0 006 

0 003 

■Mil 

■nil 


2 




HSuuB 



3 




0 007 

0 006 




Fig 4 


In our previous deteiminations on rabbits fed on carrots and 
hay (McClendon, von Meysenbug, Engstrand, and King), the 
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alkaline reserve was found to be about 0.020, and hence both sets 
of the above rabbits show acidosis due to the deficiency of alkali 
in the exclusive barley diet. The scurvy rabbit does not show a 
significant difference in alkaline reserve from the controls, and 
therefore we may conclude that acidosis has nothing to do with 
scurvy m rabbits, but may be a factor m the early death of the 
animals. 

Accordmg to Fiirst, barley sprouted for 3 days prevents scurvy, 
whereas Weill and Mounquand found that 10 days sprouting was 
required. These workers do not lecord the temperature, and 
since the rate of sprouting is more than doubled by a rise of 10° 
in tempeiature, it is necessary to control and record the tempera- 
ture or detemime the degree of sprouting by the length of root 
and acrospire. In the following experiment an attempt is made 
to deternune the degree of sproutmg and quantity of malt necessary 
to prevent scurvy m the guinea pig, but an epidemic of pneumonia 
made the data fragmentary. 

In this experiment barley seedlings of three ages were used 
(1 day, 2 days, and 3 days). In 1 day the roots were | 
inch in length, m 2 days the acrospire was visible, and in 3 days 
the acrospire projected | inch beyond the gram. The growth 
cuives of the guinea pigs are shown in Fig 5. Fifteen of these 
guinea pigs were divided into five sets, numbered 1 to 5, and 
arranged fiom left to right (Fig. 5) The curves of the guinea pigs 
fed on 1 day sprouts are shown by unbroken lines, those on 2 day 
spioiits by broken lines, and those on 3 day sprouts by dotted lines. 
The divisions on the ordinate leprescnt differences of 100 gm. in 
weight, and those on the abscissa intervals of 30 days The first set 
was fed 1 gm of sprouts, the second set 2 gm , the third set 3 gm., 
the fourth set 4 gm , and the fifth set 5 gm. per 100 gm of body 
weight of guinea pig per day, and they had oats and water ad 
libitum. 

It may be seen from the curves that neaily all the guinea jiigs 
began to gain in weight and then to lose; the end of the curve 
represents the eaily death Besides this series, one guinea pig, 
represented by the chain of circles m Fig 5, was fed oats and 2 
day spiouted bailey ad libitum and he ate less than 25 gm. per day 
of the latter He died at the end of 33 days with no symptoms of 
scuivy. The fact that gmnea pigs of this weight die of scurvy 
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in about 20 days indicates that 2 day sprouts contain an appre- 
ciable amount of antiscorbutic substance. Another guinea pig, 
represented by the chain of crosses in Fig. 5, was fed oats and 3 
day sprouted barley ad libitum, and ate less than 25 gm. per day 
of the latter. He gamed in weight for 32 days. The dechne in 
weight following was apparently accompanied by an infection that 
caused death of some of the gmnea pigs, but was manifested by a 
coryza and dyspnea in this one. At the end of the 48th day we 
discontinued the oats and gave him the sprouts and autoclaved 

Gm. 



biscuit containing condensed milk for a few days, and then fed 
bim exclusively on sprouted barley and water until he died at the 
end of 90 days without sjunptoms of scurvy. Smee barley is 
deficient in salts, protein, and fat-soluble A, as shown by Steenbock, 
Kent, and Gross, and salts, at least, cannot be synthesized m the 
sprouting of the barley, the death of this guinea pig might have 
been due to lack of salts. 

Since the above experiments show that barley, sprouted until 
the acrospire is | inch long or longer, contains considerable anti- 
scorbutic substance (and the same is true of other grains) efforts 
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were made to prepare sprouted gram for human food and 
preserve the antiscorbutic substance. The husks of barley make it 
poor eating, but wheat and rye offer no mechamcal difficulties. 
If spiouted wheat and rye are heated to 70°, the starch is gelati- 
nized and it may be eaten as a salad or breakfast food. Three 
gumea pigs were fed exclusively with wheat and rye sprouted until 
the aerospire projected | mch beyond the grain and placed in 
water of 70° until the starch was gelatinized. Their growth 
curves are the first three beginning at the left m Fig. 6. The 
weight is marked on the ordmate and the divisions on the abscissa 
represent intervals of 30 days. None of these animals showed 
symptoms of scurvy, but two of them died rather early. The 



Fig. 6. 


fact that one of them hved 34 days and showed no scurvy symptoms 
at autopsy shows that the sprouted wheat and rye contain anti- 
scorbutic substances which are not destroyed by heating to 
70° to gelatinize the starch. Another guinea pig shown in Fig. 
8 was cured of scurvy by a similar diet. 

Since the whole gram cannot be fed to infants, we attempted 
to prepare a juice containing the antiscorbutic substance. Since 
the antiscorbutic substance probably exists in the cells of the 
aerospire or roots, and it is difficult to crush these cells, we used 
a special mill for the purpose, shown in Fig. 7. This mill has 
polished steel rollers, 2 25 inches m diameter, and differs from an 
ordinary malt mill in that the rollers are geared to one another 
and there are scrapers to remove the crushed sprouts. A pulley 
wheel, 2 feet in diameter, was fitted to one of the rolls and driven 
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by a belt. Sprouted wheat or rye showed a tendency to slide out 
of the groove between the rolls, but sprouted barley fed well into 
the null owing to the roughness of the husk. After the sprouted 
barley was crushed between the rolls it was placed in a canvas 
bag in a press capable of exerting a pressure of 5,000 pounds to 
the square inch It was found, however, that very little juice 
came out of it at full pressure and a new bag had to be used each 
time. By adding water before pressing, less pressure was sufficient 
and the bag lasted longer. 



Fig 7. 


Three guinea pigs, whose weight curves are shown m the right 
half of Fig. 6, were fed with the juice of barley with the acrospire 
5 inch beyond the gram and watei ad libitum. They almost 
maintained their weight, lived about 30 days, and showed no 
signs of scurvy at autopsy One guinea pig, shown in Fig. 8, was 
cuied of scurvy with this juice. This mdicates that the juice 
contains sufficient antiscorbutic substance. It has a grassy taste, 
but probably could be fed to babies without much difficulty. 
No doubt the grain could be practically freed from bacteria before 
sprouting (Duggar and Davis). 
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Since very little starch is hydrolyzed during the sprouting and 
most of it remains in the press, an attempt was made to mash the 
green malt so that the carbohydrate would appear in the extract. 
Barley with sprouts | inch long (acrospire extending inch beyond 
the grain) was crushed by passing it through a clothes wringer with 
rubber rolls, mixed with twice its weight of water, and heated to 
70° to gelatmize the stai ch. It was allowed to remain m the same 
vessel until the starch iodide reaction disappeared, which requiied 
about an hour, and then strained and pressed so that the extract 
ran into a glass distilling flask with a side neck. A rubber stopper 
was inserted through which passed a capillary tube extending 
to iSie bottom of the flask. The flask was placed m a water bath, 
heated to 70°, and suction was apphed to the side neck so as to 
evaporate the contents. A fine stream of air bubbles, liberated 
from the end of the capillary tube, prevented bumping. Wlien the 
malt extract was evaporated to the consistency of a very thick 
syrup, % e, the thickest syrup that could easily be removed from 
the flask, it was stored in glass jars until used A slight amount 
of oxidase remained in the extract and caused a very slow darken- 
ing of the surface exposed to an*. Fermentation was prevented 
by the evaporation, but mould would grow very slowly on the 
suiface if planted there. Some of this extract has been kept for 
5 months in good condition. 

The weight curves of the guinea pigs fed on this malt extract are 
shown in Fig. 8. The body weight is marked on the ordinate, and 
the divisions on the abscissa represent intervals of 25 days The 
guinea pigs weie divided into six pairs which weie fed on increasing 
quantities of extract from left to right, 0, 5, 10, 15, 20, and 25 gm. 
per guinea pig per day mixed with a dough or mush The mush 
for one guinea pig consisted of 12 gm of Graham flour, 12 gm of 
rolled oats, 12 cc of evaporated miUc, and 1 cc. of a salt solution 
containing 25 per cent NaCl and 6 per cent CaCl 2 , together with 
the designated quantity of extract. The mixture was a mush 
only with the larger quantity of extract, and a stiff dough with the 
smaller quantities. Watei W'as given ad libitum as m all the above 
experiments. All the animals lost weight finally, although thej'- 
ate greedily until they all showed symptoms of scuivy (tender 
swollen joints, falling hair, and loose molais) at about the 15th 
daj”, after which they ate less The larger guinea pig of the fourth 
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pair showed marked scurvy on the 16th day and was transferred 
to a diet of sprouted wheat and rye heated to 70®, as shown by the 
broken line contmuation of his curve m Fig. 8. He gamed con- 
siderably m weight, and the scurvy symptoms rapidly disappeared 
so that none was found at the autopsy on the 26th day. This 
indicates that the process of heatmg to 70° to gelatinize the starch 
does not destroy the antiscorbutic substance. The reason all the 



Fig 8 


animals developed scurvy may he m the possibility that the 
sprouts were not sufficiently crushed and the antiscorbutic sub- 
stance was never extracted from them. The smaller guinea pig 
of the sixth pair developed marked scurvy with swollen wrists 
(which when touched provoked a squeal), loose molars, and bloody 
diarrhea. About the 20th day he could scarcely move about his 
cage and was changed to a diet of raw juice of sprouted barley 
crushed between steel rolls, as shown by the broken line continuing 
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his curve in Fig. 8. He gained rapidly in weight and lost all 
scurvy symptoms but finally began to lose and died on the 60th 
day showing no signs of scurvy on autopsy. 

With the exception of the two animals cured of scurvy, the 
diagnosis of scurvy m all of the twelve was confirmed on autopsy. 
The first pair, receiving no malt extract, lost weight but little more 
rapidly than the average of those fed extract. Since Furst has 
shown that commercial malt extract is deficient in antiscorbutic 
substance, and the same is true of beer according to Smith, it seems 
probable that the only way to get the antiscorbutic substance into 
the extract is to crush the green malt between rolls that thoroughly 
break up the cells of the acrospire. It is also desirable to sprout 
the grain to a more advanced stage than is done merely for the 
development of diastase. 

At autopsy some gumea pigs showed impacted cecums, but 
this was only m case the animal died of scurvy and never if it 
was killed when the scurvy S 3 niiptoms first appeared. We 
assume that the impacted cecum, as observed by McCollum and 
Pitz, is due ’to the fact that the gumea pig drinks little water 
during the last day or so of its life.® 

CON-CLUSIONS. 

Acidosis has nothing to do with scurvy. 

Sprouted cereal grams, especially after the acrospire projects 
i inch beyond the grain, are rich in antiscorbutic substance (in 
this we merely extend the work of Furst, and Cohen and Mendel). 

The antiscorbutic substance in sprouted gram is not destroyed 
by heating to 70° to gelatinize the starch. 

The antiscorbutic substance may be extracted from sprouted 
barley after crushing it between steel rolls that are so close together 
that the cells of the acrospire are crushed. In order to make the 
green malt feed between the rolls they must be geared to one 
another so as to turn at the same rate. 

2 The keeper of the stock rabbits said he fed one labbit in a separate 
cage exclusively on oats for 9 months One of us at autopsy of this rabbit 
found no maiked gioss lesions except a fragility of the bones One nb 
had broken spontaneously Rabbits are much more resistant to scurvy 
than aie guinea pigs 
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TOXICITY OF PHENYLACETIC ACID. 

By carl P SHERWIN and K. SELLERS KENNARD 

{From the 1/dhoratory of Fordham University Medical School, New York 

City ) 

(Received for publication, October 7, 1919 ) 

The retention of protein material in the intestine and its sub- 
sequent putrefaction leads to the formation and absorption of 
many protein decomposition products which are more or less 
harmful to the orgamsm. 

Phenylalanine on putrefaction yields three different aromatic 
acids, phenylpropiomc acid, phenylacetic acid, and benzoic acid, ’ 
while tyrosine undergoes analogous decomposition. 

However, if phenylpropionic acid (1) is introduced into the 
gastrointestinal tiact and absorbed, no phenylacetic acid is 
formed but it is subjected to the process of jS-oxidation, loses two 
C atoms, and is changed directly mto benzoic acid. 

The benzoic acid combines with glycocoll and is excreted in 
the urine as hippuric acid. p-Hydroxyphenyl propionic acid (1) 
in a hke manner is oxidized to p-hydioxybenzoic acid and is 
excreted as p-hydroxyhippuric acid. Phenylacetic acid resists 
■oxidation and remains to be altered by combination with other 
•compounds 

Salkowski (2) considered the acid relatively non-toxic and 
believed that it existed even in normal human urine as the free 
acid. This was perhaps because he had found only the combined 
acid in the urine of animals, such as dogs (2, 3), rabbits, and horses 
and was unable to isolate either the free or combined acid from 
human mine. 

Huppert (4) fed phenylacetic acid to patients suffering from 
alkaptonuria and proved that the acid aided no way m the 
formation of homogentisic acid but was unable to find even a 
irace of the acid after feeding the patient a 10 gm. dose. 

Hotter (5), who ingested the acid himself, could find neither 
the combined or uncombined acid in his urine, so concluded 
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that it was oxidized to benzoic acid and excreted as hippurie 
acid. Phenylacetic acid is particularly interesting from a physio- 
logical standpoint on account of its different metabolic action in 
the organism of man, animal, and fowl. 

In the human body, the acid is combined with glutamine and 
excreted as phenylacetyl glutamine (6). This is the only case 
so far recorded where the amino-acid glutamine has been used 
by the body for the purpose of detoxicating a poisonous substance. 
Animals fed on phenylacetic acid detoxicate it by joining it with 
glycocoU and excreting it as phenaceturic acid (2) . 

After feeding the acid to a hen, Totani (7) isolated a compound 
from the excreta which he terms phenacetornithuric acid. This 
substance is a combination of one molecule of ornithine with two- 
molecules of phenylacetic acid. 

Phenylacetic acid, while found in only small amounts in the 
• normal human body is one of the most important protein putre- 
faction products and is by no means as non-toxic as was pre- 
viously supposed. 

A hen weighing 2.23 kilos, after receiving 1 gm. of the acid, 
refused to eat. A second dose of 1 gm. 3 days later caused the 
hen to lose weight and develop marked signs of intoxication. 
A dog weighing 32 6 kilos was able to take 3 gm. of the acid 
with no apparent signs of discomfort; however, after receiving a 
dose of 7 gm. of the acid it became very thirsty, refused to eat,, 
seemed to be greatly nauseated, and vomited several times. 

A monkey of 4.2 kilos body weight, which received a dose of 1 
gm. and refused to eat for several days, also developed a marked 
diarrhea. Twelve adult humans (male) after ingesting 5 gm. 
each of the acid showed in every case practically the same symp- 
toms. The sodium salt of the acid was dissolved in 200 to 300 
cc. of water and rapidly drunk. In 15 to 30 minutes after the 
ingestion of the acid, the subject became thirsty and this symp- 
tom was rapidly followed by a feeling of hunger. If food w^as 
ingested, symptoms of nausea developed; m case no food was 
taken, a feeling of dizziness resulted, followed either by drowsi- 
ness or increased nervousness. One subject weighing 59.1 kilos 
ingested as much as 16 gm of the acid within a peiiod of 2 hours. 
Within a few minutes, the usual sensation of dizziness and 
hunger developed, so the subject partook of an .unusually heavy 
meal and went to bed 
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1 hour after ingesting the last of the acid, he was unable even 
to stand unsupported. After sleeping soundly for 6 hours, he 
awoke apd drank 1 liter of water, immediately fell asleep, and 
again slept soundly for nearly 8 hours. On waking he demanded 
water and drank more than hters. He complained of nausea, 
headache, pain in the eyes, and of loud ringing in the ears He 
was able to sit alone but seemed unable to stand unsupported 
or to correlate his movements. After another 4 hours of sleep, 
he appealed quite refreshed and normal m every way. In this 
case there was no sign of diarrhea but on the contrary he pre- 
sented an obstinate case of constipation, which lasted for about 3 
V ceks. 

In many respects the symptoms of poisoning by this acid 
resemble those of alcoholic poisoning. 

i 

EXPERIMENTAL, 

In order to determine the toxicity of the acid, we decided to 
feed a small dog increasing doses of the substance and to deter- 
mine if possible the minimum dose which would cause death and 
to study as carefully'as possible any pathological changes produced 
by the acid. 

A small dog of 7 5 kilos body weight was selected and placed in 
a metabolism cage for observation. The acid was fed to the 
dog as a watci solution of the sodium salt by means of a stomach 
tube On the 1st day of the experiment, he received 1 gm. of 
the acid On each succeeding day, the dose of the acid was 
increased by 1 gm 

During the fiist 24 hours of the experiment following the 1 
gm dose of the acid, the dog showed no signs of discomfort but 
ate as usual and showed no signs of abnormal thirst. On the 
2nd day after receiving the 2 gm of the acid, the dog showed 
an abnoimal appetite and diank often but only a small amount 
of water each time. On the 3rd day, he showed signs of drowsi- 
ness, but ate as much as usual and drank a large amount 
of water On the 4th day, the dog refused to eat, spent most 
of the time in sleep, and seemed scarcely able to stand when 
lemoved from the cage He was unable to walk and weighed 
at this time only 6.35 kilos. On the 6th day he still icfused 
to eat and seemed to be m a semicomatose condition. 
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Up to this time there had been no signs of albumin in the 
urine but at this point a sufficient quantity was present to give 
a decided reaction. On the 7th day of the experiment, the 
dog appeared very weak and after receiving 7 gm. of the acid, 
underwent a series of convulsions during which time he vomited 
most of the acid. As much of this acid as possible was reclaimed 
and weighed. The total amount vomited was approximately 

5 5 gm. so the dog received in fact only about 1.5 gm. of the 
phenylacetic acid on the 7th day. 

For about 2j hours after receiving this last dose of the acid, 
he appeared quite lifeless, then suddenly underwent a second 
series of convulsions, which ended in death 

Aulop^-j — Perfoinied about 6 hours after death Male dog weighing 

6 30 kilos Gross examination of the organs presented no morphological 
lesions with the exception that the kidneys on section u ere congested ‘and 
somewhat swollen, the cortex being pale; medulla congested, capsule 
non-adheient. Portions of liver, kidney, spleen, stomach, and alimentary 
canal were taken for microscopic examination The specimens weio fixed 
in Orth's fluid and mounted in paraflfin. Sections weie cut 6 microns m 
thickness and examined with iV oil immeision, ocular 10 

Microscopic Exoniinahon — ^I’he tunica fibiosa of the kidney does not 
appear to be thickened and the nuclear elements show no deficiency in 
staining qualities.. The capillaries m the cortex corticis are engorged and 
the cellular elements within them appear disintegrated. While theie is a 
general engorgement of the blood vessels, of the cortical portion of the 
organ, there is no extravasation of blood in the interstitial tissue. 

The epithelium of the proximal convoluted tubules is much swollen 
and granulai, so that the lumen of the tubule is in many places completely 
occluded by the approximation of the distal edge of the epithelial cells 
Some of the tubules contain m their lumen the remains of broken down 
epithelial cells but this is m localities distinct from those in which the 
lumen is occluded and may indicate epithelial areas, w'hich boie the effects 
of a gi eater toxic action of the drug Blood elements arc not seen within 
the tubules 

A glistening, hyaline material is found in the lumen of many of the 
tubules and in the cytoplasm of many cells the same material is seen 
The engorgement of the capillaries between the tubules is marlied The 
degeneration of the epithelium is most marked in the proximal convoluted 
tubules in the neighborhood of the Malphigian corpuscles, becoming less 
marked as the descending loop is appi cached 

The arched collecting tubules are filled wuth the hyalme material and 
then epithelium, includmg the nuclei, is m many places destroyed The 
epithelium of Bowman’s capsule is likewise destioyed m many of the 
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renal coipuscles and while shrinkage of the glomerulus from the capsule 
IS not piesent in every instance, yet it occuis in many of the coipuscles, 
particularly in those near the boundaiy zone of the medulla, and in the 
capsular space an exudate of hyaline and granular material and blood cells 
is present 

A round cell infiltration of the stroma of the glomerulus occurs and the 
capillaries of the tuft are engorged with blood 

In the medulla of the kidney, both limbs of Henle’s loop show marked 
destructive changes of their epithelium This m many places is totally 
disintegrated, so that the lumen of the tubules is filled with a mass of 
cellulai remains and misplaced nuclei and a fine reticular mass, staming 
deeply ■with eosin, is present Such epithelial cells as are not destroyed 
are detached in places from the wall of the tubules 

The epithelium of the straight collecting tubules does not appear 
affected by the action of the diug All the cells are in place, the nuclei 
distinct, and the cytoplasm is clear The nuclear membrane is distinct 
and the lumen of the tubule, for the most part, empty 

The interstitial tissue was not altered in appearance or amount 
The microscopic examination of the liver shows the cells to contain a 
number of globular refi acted spaces, vaiying m size and in some instances 
occupying the gi eater part of the cell The staining quality of many of 
the nuclei of the liver cells was markedly deficient Unfortunately a 
section was not stained foi fat 
The spleen was negative 

The stomach and intestines presented nothing of note. 

SUMMABY. 

The microscopic findings would seem to indicate that as a 
result of excessive doses of phenylacetic acid in the dog, the 
secreting epithelium of the pioximal convoluted tube of the 
kidney is markedly affected; that the endothelium of the blood 
vessels is not affected , that the epithelium of the arched collecting 
tubule shows evidence of a destructive action, while that of the 
straight collecting tubule appears to escape 
The secreting epithelium of the limbs of Henle’s loop is most 
distinctly involved, the fact that the interstitial tissue of the 
kidney is not injured and that the liver changes is in all probability 
secondary. 
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THE CHEMICAL IDENTIFICATION OF THYROXIN. 

Second Paper * 

By E. C KENDALL and A. E OSTERBERG 
(From the Section of Biochemistry, Mayo Foundation, Rochestei , Minn ) 

(Received foi publication, September 15, 1919 ) 

Thyroxin is a white, highly crystalline substance, odorless, and 
tasteless It may be separated fiom aqueous oi alcoholic solutions 
in microscopic crystals which are not soluble m any organic solvent, 
except those which are strongly basic or acidic in nature. It is 
soluble in alcohol m the pi esence of mmeral acid or an alkali metal hy- 
droxide It is stable toward heat, and its melting point is in the 
neighborhood of 250°C. Since it is odorless and colorless and is 
not easily affected by oxidation and reduction, its most important 
chemical and physical properties are concerned with the acidic 
and basic groups within the molecule Thyioxm is a weak acid, 
but possesses basic properties in the presence of mineral acids 

In 1915, it was suggested that the oigamc nucleus m thyroxin 
IS indole (1). Its solubihty in alkali metal hydroxides, but not 
in carbonates, indicated that it was of phenolic nature, and its 
salt-foimmg power with acids was attributed to an immo group 
After it was known that thyroxin contained about 60 per cent of 
iodine, and before the empirical and stiuctural formulas were 
determined, the chemical properties of the molecule were best 
expressed by di-iodo-di-hydioxy-mdole. 

The fiist derivative of thyroxin, which helped to give an insight 
into its chemical structure, was the sulfate Thyroxin which was 
precipitated from alkahne alcohol by acetic acid was found to 
contain 65 pei cent of iodine Thyroxin, precipitated by boiling 
an aqueous ammomacal solution, also contained 65 per cent of 
iodine Thyroxin, precipitated by adding sulfuiic acid to an 
aqueous alkaline solution and boiling, was found to contain 60 per 
cent of iodine The difference m iodine content was shown to be 
due to the formation of a salt with sulfm ic acid, and by estimating 
the molecular weight of thyroxin from the molecular weight of 

* First paper is published in The Jownal of Biological Chemistry, 1919, 
xxxix. 125 
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sulfuric acid, it was found to be 585 With hydrochloiic acid sub- 
stituted for sulfuric, an iodine content, slightly higher than theo- 
retical, indicated that the hydrochloride was hydrolyzed to some 
extent Thyroxin in free form precipitates as needles, but the 
hydrochloride separates in flat, rectangular, and star-shaped plates 
Examination of the crystals of the hydrochloride, which contained 
moie iodine than theoretical, showed both the free form and the 



Fig 1 The hycho chloride of thyioxin which scpaiates m flat plates, 
rectangular, oi stai -shaped 

hydrochloride. The sulfate of thyroxin does not hydrolyze with 
water so readily as the hydrochloride (Figs 1 and 2) 

Ultimate analysis of thyroxin gave the percentages of carbon, 
hydrogen, oxygen, nitrogen, and iodine, and from these and the 
molecular weight determination of 586 the empirical formula 
was shown to be CuHioOsNU In constiucting the structuial 
formula we weie guided by the following. 
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1 Acidic Properties — Thyioxm is leadily soluble in sodium, 
ammonium, and potassium hydroxide, and is insoluble in sodium, 
ammonium, and potassium carbonate as ordinal ily tested It is 
soluble in aqueous sodium and potassium carbonate, however, if 
very little carbonate is added and the solution boiled. It is pre- 
cipitated by carbon dioxide from an alkaline solution The em- 
pirical formula and these acidic properties, therefore, suggest the 
presence of one carboxyl gioup, which has very weak acidic prop- 
erties, and a hydroxy group. 



Fig 2 The fiee foim of thyioxm sepaiated as a sheaf of needles. 

2 Basic Properties — Thyroxin forms salts with mineial acids, 
but not with weak organic acids This, together with the fact 
that thyroxin foims a ureide with cyanic acid, is evidence for the 
presence of an imino group The identification of the indole 
nucleus by the pme-sphntei leaction after alkaline fusion was 
evidence that the imino gi oup was present as in indole Accept- 
ing the piesence of the indole nucleus, theie remained three extia 
caibon atoms, a caiboxjd group, a hydroxy gioup, three atoms of 
iodine, and thicc extia hydrogen atoms, whose positions in the 
molecule were to be determined Since tautomciisin is common 
m the indole gioup, it seemed proliablo that the position of the 
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hydroxy group was adjacent to the immo, and that the three 
carbon atoms including the tcrnunal caiboxyl were attached to 
No 3 position^ of the mdole nucleus This struci<ural formula, 
approximating that of tryptophane, satisfied all that was known 
concerning the chemical properties of the molecule except the 
position of the thiee iodine atoms and the three extra hydrogen 
atoms. As no special difference was demonstiable between the 
reactivity of the three atoms of iodine, it seemed most probable 
that they were all attached to the benzene ring, and as three extra 
hydrogen atoms would be required, if the iodine was added to, 
and not substituted for, hydrogen on the iing, they also were 
placed on the benzene ring This formula is a tetra-hydro deriv- 
ative of indole, the three atoms of iodine being substituted for 
three of hydrogen on the reduced benzene ring 
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In proving the formula the first derivatives were those mvohung 
the imino group By the addition of acetic anhydride to a 
slightly alkaline, alcoholic solution of thyroxm, the hydrogen of 
the imino is replaced with acetyl and the acetyl derivative may 
be sepal ated in erj^stalline fonn by the addition of sulfuric acid 
and water and the removal of the alcohol by boiling under 



Fig 3 The eijstal foim of the acetyl deiivative of thyioxm. 

dimmished pressuie The sulfate of the acetyl of thyroxin is thus 
formed This is dissolved m a small amount of alcohol and when 
added to boiling water the acetyl of th^noxiii sepal ates m pme 
form (Fig 3) The melting point of the acetyl is slightly lower 
than that of thyioxm, it crystaJhzes m the foim of needles more 
cuived and much shortci than those of thyroxin, and although 
thyroxin is insoluble in all organic solvents the acetyl is readily 
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soluble in alcoliol, ether, ethyl-acetato, and dilute aqueous am- 
monia and pyiidinc. The close appioximation, by analysis, of 
the theoretical pei centage of iodine in the acetyl, 60 77, corrobo- 
rates the molecular weight of 585. 

Another deiivative of the immo group which is easily formed is 
the ureide. 
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This is made by the addition of a salt of thyroxin, either the 
sodium or zinc salt, to acetic acid to which potassium cyanate 
has already been added. Cyanic acid loacts with thyioxin with 
the formation of the ureido It separates from boiling water in 
curved needle form and has very closely the same solubilities as 
the acetyl (Fig 4). Analysis of the ureide shows the per- 
centage of iodine to agree with the theoretical, 60.67. This is 
a thud confirmation of the molecular weight 585 Although 
thyroxin forms a stable salt with sulfuric acid which is not hjTlro- 
lyzcd by boiling in dilute sulfui ic acid, the addition of the acetyl 
or ureide groups to the immo increases the acidic properties of 
the immo, and these dciivatives do not form stable salts with 
sulfuric acid except at low tempcratuies. Boiling the sulfate m 
dilute sulfuiic acid causes a complete hydrolysis and separation 
of the acetyl or ureide in free foim The presence of the immo 
group in thyioxm is established by identification of 'the indole 
nucleus, the foiniation of the acetyl and ureide deiivatives, and 
by the power to foim salts with mineral acids 
The evidence for the carboxyl and hydroxy groups is as follows. 
Thyroxin is extremely insoluble m aqueous solutions of all acids, 
including caibonic. It is very easily soluble m sodium potassium 
and amniomum hydi oxide, but the weakness of the acidic groups 
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on the molecule is shown by the fact that boiling water alone causes 
a complete hydrolysis of the ammonium salt and free thju’oxm 
may be piecipitated in ciystallme form by boiling an aqueous or 
alcoholic solution of its ammonium salt Dilute solutions of so- 
dium and potassium carbonate will dissolve only a small amount 
of thyioxm m the cold, but it is soluble m very dilute solutions of 



Fio 4 The ciystal foim of the uieide denvative of thyioxm 

sodium and potassium caibonate at 100°C. Howcvei , on cooling 
such a solution, a mono-metal salt of thyioxm sopaiates in 
crystalhne foim If an excess of carbonate is present at first, the 
mono-salt of thyioxm is so insoluble m the piesonce of the excess 
sodimn oi potassium carbonate that most of the thyioxm being 
tested lemains insoluble The addition of a veiy slight amount 
of sodium 01 potassium bvdi oxide to a solution containing a 
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suspension of thyioxm in the presence' of sodiiim or potas- 
sium carbonate immediately carries the thyroxin into solution. 
These reactions suggest that there arc present in thyroxin both 
carboxyl and hydroxy groups. The caiboxyl group reacts with 
carbonates but the resulting mono-salt is so slightly soluble that 
the presence of excess carbonate forces the mono-salt out of solution. 
The hydroxy group in the piesence of carbonates alone does not 
react, but the addition of hydroxide to such a solution forms a 
metal salt with the hydroxy group, and the di-metal salt is readily 
soluble. 

Still fuither evidence for this action is found m the barium salt 
Barium chloride added to a sodium hydroxide solution of thyroxin 
precipitates thyioxin in needle crystals, usually twined, or in sheaves 
or bundles If this is filtered off it is found to be slightly soluble in 
boiling watoi On cooling and with the addition of a soluble barium 
salt to the solution, the barium salt of thyroxin rccrystallizes 
quantitatively If rod litmus paper is dipped into a boiling 
aqueous suspension of the barium salt, the solution reacts neutral, 
but wherever the ciystals of the baiium salt come in contact with 
the paper the color of the indicator is changed to blue, showing that 
hydrolysis of the barium salt has occurred. If sodium hydroxide 
IS added to an aqueous suspension of the barium salt of thyroxin 
the barium salt is dissolved and becomes almost as soluble as the 
sodium salt This liehavioi is explained by the fact that the 
second hydroxy] group of liaruim hydroxide is not sufficiently 
strong to form a S()lii1)lc salt witlr the hydroxy group of thyroxin 
In the prc'sciice of Imilmg water the hydroxy gioup of thyioxin 
and one liydroxy gioup of barium exist m free form, barium 
forming a salt only with the caiboxyl group m thyioxin Both 
hydroxy and (;arl)Oxyl gioups are slowly hydi’olyzed by prolonged 
boiling of the barium salt in water. 

The difference between the two acid groups is also shown in a 
sodium potassium, oi ammonium hydroxide solution of thyroxin. 
If carbon dioxide is bubbled thiough such a solution so as to 
pioduce sodium carbonate, but not bicarbonate, the hydroxy 
group IS freed from metal and the mono-metal salt of thyroxin 
separates m flat crystals, oval, rectangular, or square If an 
excess of caibon dioxide is passed through the solution, the car- 
boxyl group also is freed and thyioxin will scpaiate. The sepa- 
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ration of the monosoclium salt occurs at the point where the 
hydroxy group has been freed, but the caiboxyl gioup is still in 
the form of a salt (Figs 5 and 6). 

While endeavoung to separate the metal salts for analysis 
the monosodium, potassium, and ammonimn salts of thyroxin 
were prepared by dissolving thyroxin in strong solutions of the 
hydroxides and passing carbon dioxide through these until the 



Fig 5 The monoiotassuim salt of thyioxm which sepaiates m small 
flat plates, lectaiigulai, oi squaie 

mono-metal salt sepaiated The ciystals t\eie filteiod on a small 
Buchner funnel, and washed with water It was found that 
approximately 60 pci cent of the amount of thvioxin taken was 
left on the funnel aftei diying in the supposed foim of the mono- 
sodium, potassium, and aimnonimn salts It was also found that 
if the salt was washed on the funnel with a 20 per cent solution of 
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sodium or potassium tihlorido, and not with water, the compound 
did not melt. Wlnm, however, the mono-salt was washed with 
water the sodium, potassium, and aminoniimi salts all had the same 
melting point, 204° Since the mono-salt of thyroxin does not 
melt and the sodium, potassium, and ammonium salts, washed 
with water, all melt at exactly the same point, it seemed probable 



Fig G The moiinammoiuum salt of iliyioMn \\lucli bopaiatcs in long 
blades. 

that the washing with water was sufficient to hydrolyze the very 
weak caiboxyl, with the result that free thyroxin was left on the 
paper, the base being entiiely washed away In order to dctei- 
minc this the monoammonium salt was piepared as above, filtered, 
and washed with watci and then analvzcd for ammonia by means 
of Ncsslerization Nosslcnzation, although an exceedingly sensi- 
tive test for ammonia, failed to show the piosenco of even the 
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faintest trace of ammonia in the supposed monoammonium salt 
of thyroxin. It was therefore evident that by washing the mono- 
sodium, ammonium, and potassium salts of thyroxin with 
water the weak caiboxyl group can be completely hydrolyzed, 
and since the hydroxy group already was in the free form, the 
molecule existed with both carboxyl and hydroxy groups uncom- 
bined with metal 



Fig 7 The disilver salt of thyioxin which sepaiates m large, flat, lec- 
tangulai and square plates, often occuiiing in sheaf foim and twined 

Evidence that a di-metal derivative of thyroxin does form is 
furnished by the silver salt Although a disilver salt containing 
the theoretical amount of iodine has not been piepared, this salt 
has been made with so much silver piesent that it amounted to 
92 per cent of the theoretical for the addition of two atoms of silver 
to the molecule The leason why the theoretical disilver salt 
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cannot bo prepared is undoubtetlly dno to the weakness of the 
hydroxy grou[) (Fig 7) When the disilver salt, which is highly 
ciystallme, is washed in order to remove the excess of silver 
nitrate and aimnonia which arc used in its formation, the liydroxy 
gioup hydrolyzes to some extent, and the amount of silver re- 
maining IS slightly less than theoretical 



Fig 8 The dipotassium salt of thyroxin which separates m flat plates 
with rough, irregular edges 

\ Ti-basic salts of sodium, ammonium, and potassium are formed 
by dissolving thyi’oxin in the respective hydroxides, and adding a 
corresponding salt of the alkali pieferably the chloride until the di- 
alkali salt of thyroxin becomes insoluble and precipitates in crystal 
form (Fig 8) Di-basic salts, which are only slightly soluble, have 
also been prepared with barium, calcium, magnesium, nickel, zme. 
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and copper (Fig 9) Although all these salts may be made in 
beautifullj" crystalline and chaiactenstic form, it is impossible to 
filter and separate them m a high state of purity by washing with 
water Just as hydiolysis of the hydioxy group caused a lower 
silver content than theoretical with the silver salt, the hydrolysis 
of the hydroxy gioup with the baiium salt shows a low ei pei centage 



Fig 9 The zinc fealt of thyroxin which separates as long, flat blades m 
bundles and rosettes 

of iodine than theoretical. Howrever, the weight of barium added 
IS about twice that reqiiiied for the mono-metal salt With the 
less basic piopeities of calcium, magnesium, zme, nickel, and 
coppei, even gi eater differences occur between the amount calcu- 
lated f 01 a di-metal salt and the amount found But in every case 
since the amount of metal piesent neaily agreed with that lequiied 
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for a cli-basic salt, the possibility that these are mono-basic salts 
is excluded. All salts of thyioxm which are insoluble in water 
such as the silver, copper, zinc, nickel, calcium, and magnesium 
are soluble in sodium hydroxide The solubility is probably due 
to the same reactions that occur with the barium salt. The 
weak basic properties of the metals are insufficient to form soluble 
di-basic salts, but sodium hydroxide carries the salt into solution 
by adding to the hydroxy group of thyroxin. 

Other evidence for the carboxyl and hydroxy groups is furnished 
by the dimethyl ester Methyl iodide added to an alcoholic 
suspension of the silver salt forms the dimethyl ester. This is 
soluble in alcohol but insoluble m water even m the presence of 
sodium hydroxide. By heating m dilute alcoholic sodium hy- 
droxide, hydrolysis of the methyl ester of the carboxyl occurs 
and the oxymethyl derivative is obtained. 


Tautomeric Forms of Thyroxin. 


Thyi’oxm reacts m the presence of alkalies forming dibasic 
salts, but differences between the Ijw'o acidic groups indicate that 
one is a carboxyl and one a hydroxy group. When thyroxin 
exists m this form, which will be called the enol, the hydroxy 
gioup IS adjacent to the nitrogen but theie is a double-bond 
between the nitrogen and the alpha carbon, and no hydrogen 
IS attached to the nitiogen 
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In acid solution thyioxm forms derivatives which demonstrate 
the presence of an imino group and exists m its tautomeric form, 
with immo carbonyl groups adjacent This will be called the keto 
form. T^ffien thyioxm was first isolated it was in the keto form 
and although it seemed probable that the hydiogen migrated m 
alkaline solution with a change from carbonyl to hydioxy gioups, 
no quantitative data were available foi proof of the hypothesis. 
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When the mono-metal salts of sodium, ammomum, and potas- 
sium were prepared by freeing the hydioxy group m alkaline solu- 
tion with carbon dioxide, it was found that by washing with water 
complete hydrolysis of the carboxyl also occurred. When the hy- 
drolysis of the ammonium salt was earned out at 100° both acidic 
groups were not only fieedbut, m addition, the boiling water caused 



Pig, 10, The crystals of the enol form of thyio\m 


a change fiom the enol to the keto fomi However, if the mono- 
metal salts are hydrolyzed with cold water the enol form is le- 
tamed There are many differences in the chemical properties of 
the enol and keto forms, but the most striking difference is in 
the melting point The melting point of the enol foim is 204°, 
that of the keto, 250°. 

When the enol form of thyioxm was prepared by cold hydrolysis 
of its ammomum salt, it still retained the crystal form of this salt, 
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but by dissolving the crystals in pyridmc and adding water the 
enol form separated in its own characteristic crystal form (Fig. 
10). The enol form of thyroxin separates in needle ciystals which 
are much shorter than those of the keto form and always occur in 
rosettes or sheaf-like bundles Ciystalhzation does not alter the 
melting point. 



Fig 11. The simultaneous ciystallizalion of both enol and koto forms 
of thyroxin horn an aqueous pyiidine solution 

The keto form of thyroxin is by fai the more stable and, unless 
piecautions are observed, the enol foim readily passes over into 
the keto The most important factors influencing the change 
from enol to keto foim aie the presence of water and the hydrogen 
ion concentration By adding' watet to a pyridine solution of the 
enol form, conditions may be pi odiiced in which both enol and keto 
forms simultaneously crystallize (Fig 11) On long standing even 
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at room temperature, the enol form slowly changes over to the 
keto and the keto form alone sepaiates Since the chief chemical 
properties of thyroxin aie due to its basic and acidic groups, a 
brief summary of solubilities and reactions of the two tautomeric 
forms IS of interest. 

The enol foim of thyroxin is much more soluble than the keto, 
and the solubility may be used as a test of the foim m which 
thyroxin is present. For example, the keto form is insoluble m 
all 01 game solvents, such as aU alcohols, ether, chloroform, ethyl 
acetate, acetone, carbon disulfide, quinoline, pyridine, anhydrous 
or aqueous, and aniline The enol foim is readily soluble in 
anhydious oi aqueous pyridine. Therefore, pyridine alone is not 
sufficiently basic to change the keto into the enol form, but when 
this change has been pioduced P3iTidme readily dissolves thyroxin. 
Since ammommn hydroxide m water, alcohol, or pyridine will 
change the keto form to the enol, but pyiidine cannot piodiice 
this change, the hydroxyl ion concentration necessaiy for the con- 
version from one tautomeric form to the other lies between the 
basicity of dilute ammonium hydi oxide and that of pyridine 
Since the enol changes to the keto in a boiling aqueous pyridine 
solution, the acidity necessary foi the tautomeric change in this 
diiection lies between the nairow limits of the hydrogen ion con- 
centration of a cold and a boiling aqueous solution of pyridine 
The limits foi the change in tautomeric form arc at the same time 
the limits of solubility for thyi’oxin in alkaline solution Thyroxin 
is soluble in enol foim, in pyiidine and quinoline, but any higher 
concentration of hydrogen ion causes the change to the keto foim 
and limits the solubility of thyioxm in alkalies Thyioxm m the 
keto form lemains insoluble in all organic solvents with hydrogen 
ion concentrations equal to or less than that of glacial acetic acid. 
It IS soluble in formic acid, but the subsequent addition of water 
causes thyioxm to separate again Although acetic acid will not 
make thyroxin soluble m alcohol the addition of a mineral acid 
renders thyroxin leadily soluble in alcohol Solubility under these 
conditions is evidence for the formation of salts with the imino 
group 

The acid and basic pi operties of thjToxm therefore he between 
these two limits ( 1 ) The formation of salts with acids through 
the imino gioup of the keto form with formic acid, but not acetic. 
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and (2) the formation of salts with alkalies through both the 
carboxyl and hydroxy gioups with dilute ammonia, but not with 
pyiidme Lying between these two limits arc the formation of 
mono-metal salts through the carboxyl alone in the presence of 
carbonates but not bicarbonates, and finally the complete precipi- 
tation of thyroxin from the alkah metal salts by carbonic acid or 
by hydrolysis with water in a boiling ammoniacal solution The 
mono-metal salts of thyroxin are but slightly soluble in water but 
are easily soluble m alcohol. The solubility in alcohol is due to 
the fact that although only the carboxyl group is combined with 
metal, the molecule is in the enol and not the keto form. 

The imino group of thyroxin reacts with all acids stronger than 
and including formic acid, but no acid salt of thyroxin is appre- 
ciably soluble in water, and even the sulfate which is the most 
soluble IS only very slightly so The gieat insolubility of the keto 
form of thyroxin is one of the most important factors permitting 
the isolation of the compound The insolubility of thyroxin is 
also of importance in a consideration of its chemical properties. 
As soon as the proper conditions exist in any solution for the for- 
mation of the keto form of thyroxin, the reactive groups are thrown 
almost completely out of the sphere of reaction by the insolubility 
of the compound 

The keto form of thyroxin is soluble in organic solvents only 
when some acid is piesent which is capable of forming an acid 
salt with the imino group Thyroxin may be conveniently purified 
by dissolving eithei in alkaline alcohol with the addition of acetic 
acid, or by dissolving in acid alcohol with the addition of sodium 
acetate In the presence of acetic acid the imino gioup does not 
form a salt and thyi'oxm precipitates m needle form. 

Open-Ring Form of Thyroxin 

Since thyioxin in keto form is msoluble in bases weaker than 
ammonium hydroxide and is msoluble in alcohol in the presence 
of acids weaker than formic, there is a wide range of hydrogen ion 
concentration m which pure thyroxin is msoluble These limits 
of solubihty, however, apply only to pure thyroxin in aqueous 
and alcoholic solutions. In the presence of certain substances, 
changes in the acid and basic groups occur and the solubilities of 
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thyroxin aie materially altered and extended In the presence 
of the products resulting fiom alkaline hydrolysis of the thyroid 
proteins the solubility of thyroxin is so greatly altered that it is 
completely soluble in carbonic acid, and even acetic acid produces 
an incomplete precipitation Hydrochloric and sulfuiic acids 
precipitate thyroxin under these conditions, but in excess they 
redissolve a considerable percentage of the total amount present 
The increased solubility in acids indicates an increase in the 
strength of the basic groups of the thyroxin molecule. Although 
puie thyroxin is practically insoluble iii pyiadme, sodium car- 
bonate, barium hydroxide, and alcohol, partially purified thyroxin 
IS leadily soluble m the presence of all these reagents The 
inci eased solubihty in weak alkalies indicates an increase in the 
stiength of the acidic gioups in the thyroxin molecule These 
changes in the chemical properties of thyroxin are most marked 
during the early stages of purification while there is a large per- 
centage of impurities present, but that the alteiation is due entirely 
to the impurities is disproved by the fact that both increased 
acidic and basic pioperties peisist even after the removal of all 
but a trace of the impurities Fmthermore, the addition of 
certain substances to a solution of pure thyroxin brings about a 
similar inci ease in both basic and acidic properties The solubihty 

of partially puiified thyroxin in weak alkalies is in such striking 
contrast to the solubihty of pure thyroxin that it cannot be ex- 
plained except by a change in the stiucture of the molecule other 
than the two tautomeric forms described above. The exact 
nature of this change was suggested by a study of the acetyl 
In all derivatives of thyroxin involving the hydrogen of the 
imino group, it is impossible to make the enol form, as the hydroxy 
group cannot exist Because of the absence of the hydroxy group 
these derivatives should form mono-basic salts through the carboxyl 
group alone, they should be more insoluble m alkalies, and should 
form insoluble baiium and silver salts Since acid salts of the 
unino are soluble m alcohol, acetic acid, and ethyl acetate, it 
seemed probable that derivatives attached to the immo would 
also make the molecule soluble m these reagents. After the acetyl 
and ureide weie piepared in pm’e foim they were found to be easily 
soluble in alcohol, acetic acid, and ethyl acetate, but instead of 
being less soluble m alkalies, the acetyl was more soluble and could 
be held m solution with as weak a base as pyridine alone 
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The acetyl was not only raoic soluble in weak organic bases but 
it also formed a silver salt which was completely solulile in dilute 
ammonium hydroxide The silver salt of thyroxin will separate 
from strong ammonium hydroxide, but the silvei salt of the acetyl 
IS so soluble that it is impossible to prepare it in the piesence 
of ammonia By dissolving the acetyl m pyridine, however, the 
addition of silver nitrate pioduces a voluminous precipitate which 
may be washed, diied, and analyzed When this was done it 
was found that the acetyl had formed a di-basic salt with silver. 
The formation of adi-basic salt by the acct5d indicated the piesence 
within the molecule of another acidic group other than t,hc terminal 
carboxyl. The simplest change by which a caiboxyl group could 
be formed would be by introduction of a molecule of water between 
the immo and carbonyl groups, changing the immo carbonyl 
groups to ammo carboxyl groups, and m the case of the acetyl 
the ammo group is combined with one acetyl radical 
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The presence of the acetyl radical m place of the imiiio hydrogen 
prevents the tautomeric change to the enol form, but m place of 
this, the ring opens even m the presence of weak oigaiiic bases. 
The acetyl attached to the ammo group, however, does not pre- 
vent the closuie of the ring, and if an alkaline solution of the 
acetyl, which is piescnt in the open-img foim, is added to a dilute 
mmeral acid at 100°, the img closes and the acetyl sepaiates in 
crystalhne form. In addition to the disilver salt of the acetyl, the 
zinc salt has been made, and di-basic sodium, ammonium, and 
potassium salts of the open-ring form of the acetyl may be pre- 
pared by dissolving in the respective hydroxides and adding a 
coiresponding salt, the chloride oi acetate, until the salt of the 
acetyl becomes insoluble (Figs 12 to 15) If sodium hydroxide 
and sodium acetate are used, veiy laige, flat, jagged plates lesiilt; 
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with sodium hydroxide and sodium chloride short needle crystals 
aie formed 

Barium and calcium salts of the acetyl can also be formed by 
the addition of barimu or calcium chloride to a solution of the 
acetjd m dilute sodium hydroxide or pyiidme An excess of 
pyiidine dissolves the salt 



Fig 12 The disodium salt of the acetjd derivative sepaiated fiom a 
sodium chloiide solution 

After the physical and chemical pioperties of the acetyl deriv- 
ative had been established, it was found that a most striking 
lesemblance existed between paitially purified thyroxin and the 
acetyl. The acetjd diffeis from thyroxin in having wider limits 
of solubihty m weak bases, and the greatest difference between 
partially puiified and puie thyi-oxm is the solubihty of the former 
in weaker alkalies as sodium carbonate, barium hydroxide, pyridine, 
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and in alcohol These reactions suggested that in partially 
purified thyioxm the structure of the molecule is similai’ to that 
of the acetyl. But the possibility that an acid radical was attached 
to the iinino group, as m the acetyl, could be excluded by the fact 
that the thyroxin could be separated in keto form The increase in 
both acidic and basic properties, its close resemblance m chemical 



Pig. 13. The disodium salt of the acetyl derivative separated from a 
sodium acetate solution 

reactions to the acetyl, and the fact that it could be separated 
in the keto form suggest that m partially purified thyroxin the 
molecule is present neither m the keto nor enol forms, but that the 
pyrrole ring exists in open form, the elements of water entering 
between the caibonyl and imino groups 

This structure of the molecule of thyroxin will be called the 
open-ring form. The open-ring form of indole derivatives con- 
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taming an alpha caibonyl group is of common occurrence, but 
thjuoxm IS perhaps unique in the gieat ease with which the img 
opens and the gieat difficulty with which the iing closes in the 
presence of cei tain substances 

Although the open-ring structure of thyroxin was first suggested 
by a study of the acetyl, further mvestigation has amply confirmed 
this hypothesis, and brought to light the delicately balanced 



Fig 14 The dipotassium salt of the acetyl derivative 

reactions, which, in all probabihty, are involved when the sub- 
stance functions physiologically These reactions are concerned 
with the opening and closing of the ring and the formation of 
salts with acids by the amino and imino groups. When sulfuric 
acid is added to a slightly alkahne alcohohc solution of thyroxin 
and the alcohol is distilled, the sulfate of th3n:oxin separates, 
the sulfate radical being attached to the imino group However, 
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if sulfuric acid is added to an alkaline aqueous solution of thyroxin, 
the resulting precipitate is not the imino sulfate of thyroxin 
Analysis of this precipitate for its iodine content showed that 
thyroxin had not precipitated in free form but contained one 
equivalent of acid. Further investigation showed that thyroxin 
precipitates with one equivalent of acid, not only with sulfuric 



Fig 15 The dipotassium salt of the uieide of thyioxm which sepaiates 
in a mannei similar to the dipotassium salt of the acetyl deiivative 

but with weak organic acids and that even carbonic acid adds to 
thyroxin when carbon dioxide is passed through an alkahne solu- 
tion The sulfate, chloiide, phosphate, trichloracetate, oxalate, 
formate, acetate, and carbonate of thyroxin have been prepared. 
All these salts aie soluble in alcohol and have melting points 
which are strangely similar, all of them melting at about 204° 
Although the immo group of thyroxin in keto form is so feebly 
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basic that in hot dilute hydrochloric solution the acid radical is 
hydrolyzed and the miino group exists in fiee foim, when the 
enol form of thyioxm is precipitated by an acid, an equivalent 
of acid is contained in the precipitate attached to thyroxin. 
If any of these salts, prepaied by acidifying an alkaline so- 
lution of thyroxin, aie removed from solution, suspended in 
distilled water, and boiled, a change occurs, and thyroxin 



Fig 16 Ciystals of thyioxm m the ammo caiboxyl foim. 

precipitates m long, bundle blades. These blades differ fiom the 
keto form of thyioxm in being soluble m alcohol and having a 
melting point of 225°. If instead of suspending the acid salts in 
distilled watei, they ai‘e added to a dilute solution of hydrochloric 
or sulfuric acid and are then boiled, the keto form of thyioxm 
separates. These reactions aie mterpreted as follows* 

When an acid is added to the enol foi m of thyroxin, the nitrogen 
becomes pentad and the acid ladical adds to the nitrogen In 
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aqueous solution the pyrrole imp; is no longer stable and the 
elements of water add between the pentad nitrogen and the 
carbonyl gioup forming a carboxyl group and an acid salt of the 
amino group 
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In cold water solution this reaction occurs not only with sulfuric 
and strong organic acids, such as trichloracetic and oxalic but 
even carbonic acid is capable of adding to the ammo group 
When the ammo salt is suspended m distilled water and boiled, 
the ammo group is hydrolyzed free fiom the acid, and the car- 
boxyl group which is adjacent to the ammo group forms a 
salt with the amino group. The compound then exists m an 
amino carboxyl salt form, the acid used in precipitating thyroxin 
having been expelled from the ammo group by hydrolysis with 
water. 
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This form of thyroxin differs from both the keto and enol forms 
in having the addition of the elements of water It has a 
melting point of 225° and is soluble in alcohol (Fig 16). It is 
converted into the keto form very easily, merely solution m alcohol 
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IS sufficient to expel the watei, and the keto form of thyioxin 
then separates It is impossible to separate the ammo caiboxyl 
salt foim of thyroxin from solutions containing a high percentage 
of alcohol Further investigation showed that this is also true 
of pyridine and other oigamc solvents It is necessary to have 
water present in order to force the opening of the pyrrole ring 
If any acid salt of the ammo group of the open-ring form of 
thyroxin is suspended m distilled water and boiled, the carboxyl 



Fig 17 Ciystals of the ammo carbonate of thyroxin 

gioup m thj'Toxin, which is adjacent to the ammo, will displace 
the acid radical attached to the ammo, and the amino carboxyl 
salt form of thyroxin results If the acid radical which is added 
to the ammo is sufficiently strong and an excess of the acid is 
present, the ring does not remain open, but the elements of water 
are expelled and the strong acid radical is eithei hydrolyzed from 
the imino group or remains attached as an acid salt of the imino 
group The closing of the ring of an ammo-acid salt is influenced 
by many factors, such as the amount of acid piesent, the stiength 
of the acid, and the piesence of oiganic solvents, such as pyridine 
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or alcohol. Strong acids promptly close the ring, forming immo 
salts, weak acids are expelled from the ammo, and the molecule 
exists in the ammo carboxyl form. The presence of organic 
solvents such as alcohol results in the closing of the ring and the 
dormation of imino salts with strong acids, or the displacement of 
the acid with the separation of thyroxin m koto form. If an 



Fig 18 A mixtuie of the ciystals of the ammo foimate changing into 
the ammo caiboxyl salt form of thyioxni The long needles aie the ammo 
caiboxyl ciystals 

amino-acid salt of the open-ring form is washed fiee from all acid, 
suspended in neutral water, and boiled, the acid is promptly 
hydrolyzed from the amino group and the ammo carboxyl salt 
form results, but m the absence of excess acid in solution this 
form of thyroxin is unstable at 100°C , water is rapidly expelled 
from the ring, and the keto foim of thyioxm separates m very 
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fine, thread-like crystals. Under proper conditions all three forms 
may be present at the same time (Figs. 17 to 19) 

Since acids added to the enol foim of thyroxin in aqueous 
solution cause an opening of the ring, the question aiose as to 
whether the opening of the pyriole ring is the pi unary action, or 
whether it is secondaiy to the existence of the nitrogen in the 
pentad form That the opening of the ring occurs without passing 


Pig 19 A mixtuie of ammo caiboxyl crystals changing into the keto 
foim of thyioxin The long needles aie crystals of the amino caiboxyl 
form of thyioxin 

through the enol foim is shown by the foiniation of the amino 
sulfate directly fiom the immo sulfate (Figs 20 and 21) When 
the imino sulfate is present in a small amount of alcohol and water 
is added, the iing opens and the ammo sulfate separates even 
though the molecule had existed in the keto foim The forma- 
tion of amino salts from imino salts shows that the ring opens 
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readily when the nitrogen is in the pentad state, but that the 
opening of the ring also occurs directly from the enol form m a 
solution shghtly alkaline may also be shown When the disodium 
salt of thyroxin is dissolved in cold water and ammonium chloride 
IS added to the solution, the sodium is hydrolyzed from hydroxy 
and carboxjd groups, resulting m the precipitation of thyroxin 
m the enol form If this suspension of the enol form is now boiled 


Fig 20 The immo sulfate of thyroxin separate! fiom a hot solution. 

the crystal form changes into the typical ammo carboxyl Jsalt 
form, the melting point of which is 225° The crystals are^also' 
leadily soluble m alcohol which excludes the possibility of then 
being m the keto form A more direct evidence of the existence 
of thyroxin in open-ung form is obtained by dissolving the di- 
sodiimi salt in hot watei and adding ammonium chloride to this hot 
solution Instead of thyi’oxm separating in the enol form, it 
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separates directly as the amino carboxyl salt form. The most 
important factor in this reaction is the piesence of excess alkali. 
If much alkali is present, the molecule exists in the enol form and 
addition of ammonium chloride will cause a separation of the 
monoammonium salt. 

From these results it would appear that in acid alcohol solutions 
thyroxin exists in the keto form In the presence of excess alkali 



Fig 21 The ammo sulfate of thyroxin formed fiom the imino sulfate 
of thyioxin by the addition of water to an alcoholic solution of immo 
sulfate. 

in aqueous solution thyroxin exists in the enol foim, but as the 
neutral point is reached from either direction theie is a tendency 
for the rmg to open. In a hot neutial solution the ring does open. 
In a cold neutral solution even carbonic acid will open the ring 
and add to the ammo group 
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The Amino Hydrate Form of Thyroxin. 

The pyrrole nng of thyroxin not only has a tendency to take 
up water between the imino and carbonyl groups and exist m 
amino carboxyl foim, but the ammo group is so strongly basic 
that in a slightly alkaline solution the elements of water will add 
to the nitrogen forming the ammo hydrate. 

H lc\ H H 

\c=c— C— C— Cf 

H H ^OH 

H /\ 

HO H 

This form of thyroxin is tautomeric with the ammo carboxyl form. 
It IS very readily prepared by heating an alkaline solution of 
thyroxin, removing the solution from the flame, and adding 10 
per cent ammonium chloride The solution becomes turbid, and 
fine branching ciystals separate (Fig 22) The melting point 
of this form of thyroxin is 216° If these crystals aie suspended 
in distilled water containing a small amount of formic acid and 
the solution is boiled, the crystals are changed into their tauto- 
meric ammo carboxyl form, whose melting point is 225° (Figs. 
23 and 24-) 

One foini of thyioxin changes into another so easily that enol 
and keto foims will ciystalhze simultaneously out of the same 
solution, and amino-acid salt, ammo caiboxyl salt, and keto forms 
may all be piescnt at the same tune, one foini changing into 
another as the boiling of the solution is continued The ready 
change of thyioxin fiom one form to anothei is explained by the 
gieat ease with which the ppiole img opens and the elements of 
watei aie added to the molecule This reaction does not occur 
with indole or isatin and was not at fiist easily explained m the 
case of thjT.’oxm While engaged in the preparation of the inter- 
mediate products for the synthesis of thjuoxm, our attention was 
drawn to the fact that the explanation of the peculiar pioperties 
of the imino group m the pviiole iing of thyroxin is the piesenco 
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of the hydro groups m the benzene ring Anahne is a feeble base 
and the imino gioup m indole is stiU more feebly basic. Hexa- 
hydro-anahne has such a stiongly basic ammo group that it will 
combine with carbon dioxide from the an, and it has a very caustic 
action on the skin It is the addition, therefore, of four hydio 
groups to the molecule that so modifies the nucleus giving basic 



Fig 22 The ciystals of the amino hydiate foim of thyioxm 

propel ties to the immo group of the pyirole img of thyroxin 
Speculation as to the properties of the compound in which the 
three iodines aie replaced by three hydrogens may be deferied 
until the substance is prepared synthetically, but that the rniino 
group of the pyrrole ring will be still more basic in this compound 
would naturally follow fiom the general law that addition of 
halogen to the benzene img rendeis the iing more acidic. The 
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position and reason for the three extra hydrogens in thyroxin weie 
unknown and were very puzzling until the reactions of the com- 
pound mvolving the amino and imino groups caused the neces- 
sity of explaining this action by some modification of the indole 
nucleus. Since the introduction of the six hydro groups in analine 
greatly increases the basicity of the ammo group, the addition of 
four hydro groups to the indole nucleus of thyroxin is an adequate 



Fig. 23 A mixture of enol and keto foims of thyroxin ciystalhzmg 
simultaneously from the same solution 

explanation of the inci eased basicity of its ammo gioup The 
instability of the pyrrole ring of thyroxin in contrast to that of 
indole, and other unreduced deiivatives of pyiiole is due to the 
mcreased basic pioperties of the nitrogen in thyioxin. This point 
IS well illustiated m the stability of the ammo carboxyl form. In 
neutial solution the nitrogen tends to become tiiad, the pyrrole 
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ring is more stable than the ammo carboxyl salt, and thyroxin 
separates in keto form If a slight amount of acid is present, the 
nitrogen remains m the pentad state and the ammo carboxjd 
form IS so stable that it is impossible to expel water from the 
molecule and make the keto form The difference m the basicity 
of the nitrogen when changing fiom the open- to the closed-ring 
forms IS probably involved when thyioxm functions physio- 



Fig 24 A mixtuie of the crystals of the ammo carboxyl foim changing 
into the keto foim The small rosettes are crystals of thyroxin in the 
keto form, 

logically But the unique chemical properties of thyroxin are 
also due m laige measme to the caibonyl gioup adjacent to the 
unmo, and the leactivity of the substance in vivo and in vitro is 
due to' the presence of this oxy group m the indole nucleus. It 
was for this jeason that the compound was named thyr-oxy-mdole 
or thyioxm 
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After it was found that thyroxin fonns amino salts with feeble 
caiboxyl gioups, it was of especial interest to form the ammo 
salt of thyroxin with glycine Reserving a study of the reaction 
between thyroxin and the amino-acids for a further communi- 
cation, merely the formation of an ammo-acid salt between thy- 
roxin and glycine will be leported m this paper 
Since acid added to the enol form of thyroxin results in the 
formation of an ammo salt, it seemed probable that at least a 
portion of the nitrogen of thyroxin should react as amino nitrogen 
with mtious acid when the molecule existed in the amino-acid salt 
form This was tried and it -was found that when an alkaline 
aqueous solution of thyroxin was added to a Van Slyke ammo-acid 
apparatus, approximately 70 pei cent of the total nitrogen present 
was liberated as ammo nitrogen When the keto form of thyroxin 
was used, no nitrogen was evolved. When the ammo carboxyl 
form of thyroxin is added to nitrous acid, about 15 per cent of its 
total mtrogen is evolved as ammo nitrogen The reason that a 
quantitative evolution of ammo mtrogen does not occur with the 
last mentioned form m 3 minutes is because the crystals are 
insoluble and the reaction takes place at a very slow rate 
When nitrous acid is added to an alcoholic solution or to an 
aqueous suspension of thyroxm in the presence of hydrochloric 
acid, a yellow color is produced. Upon the addition of ammonia 
this IS changed to a deep red which m dilute solution is pink This 
color reaction is convenient for a rough qualitative test for thyroxm. 
However, if acetic or sulfuiic acid is used m place of hydrochloiic, 
a fainter yellow color is produced, and the addition of ammonia 
gives a yellowish orange instead of a red color 
Dmmg the purification of thyioxin, the presence of colloidal 
mipunties is sufficient to cause the opening of the ring and also 
to prevent the closing of the rmg When an alkaline solution of 
thyroxm is acidified the precipitate carries down many of the im- 
puiities present as salts of the amino group and hence no quanti- 
tative separation can be effected by precipitation with an acid 
The chief problem m the isolation of thyioxm is to close the iing 
m the presence of the mipunties, and thereby produce chemical 
properties specific to the thju'oxm molecule, which peimit of a 
separation This difficulty in closmg the open-img form of thy- 
roxm IS well illustrated m the course of its purification. Approxi- 
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mately 50 per cent of the iodine content in the eaily steps of the 
separation of thyroxin is soluble in barium hydroxide. This 
baiium-soluble poition may be hydrolyzed by heating with barium 
hydroxide for many hours, precipitated with acid, given another 
treatment with barium hydroxide, and this piocess continued as 
many as seven oi eight times without rendering thyroxin insoluble 
in barium hydroxide This treatment, however, slowly separates 
many of the impurities and the percentage of iodine in the dry 
material may reach as high as 58 pei cent Thyioxin in this 
open-ring form contains sufficient impurities to impart a dis- 
tinctly yellow color, and it is readily soluble in sodium caibonate, 
barium hydroxide, pyridine, and alcohol. By chance such a 
preparation was dissolved m sodium carbonate solution and was 
allowed to stand 7 weeks. At the end of that time a white lesidue 
had separated and settled to the bottom of the flask Examina- 
tion showed this to be the monosodium salt of thyroxin. Al- 
though the material was m the open-ring form when dissolved in 
the carbonate, on long standing the ring had closed and the 
compound thereby became insoluble m sodium carbonate. 

The open-ring form of thyioxm cannot be precipitated from 
alcohol with acetic acid. The keto fomi of thyroxin is very 
nearly quantitatively precipitated from alcohol by acetic acid, 
but as long as impurities are present, an alcoholic solution of the 
open-ring foim of thyroxin may be allowed to stand several weeks 
without any trace of thyroxin separating. If, however, an alco- 
holic solution of thyroxin is slowly evaporated on the water bath, 
the evaporation causes a partial separation. A yellow oily tar 
creeps up the inclined bottom of the evaporating dish and forms 
a ring as the alcohol evapoiates. At the spot where the last 
trace of alcohol was left, a dry crusty material, which is ahnost 
white, shows the paitial sepaiation of thyroxin in the keto foim. 
This pioperty of thyroxin to separate from alcohol, even in the 
presence of impurities, is the reaction by which thyroxin was 
first isolated. The alcohol m this case was evaporated uninten- 
tionally, and, although the entire sample of thyioxm had been 
completely soluble m the alcohol, the slow evaporation and sub- 
sequent heating at 100° was sufficient to close the ring m a small 
percentage of the total amount with the result that it was in- 
soluble on the addition of more alcohol This method of sepa- 
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ration is not of gieat value for the isolation of the compound. 
The best method so far dcteimmed for the closing of the ring is 
to dissolve thyroxin m alcohol containing sodium hydroxide, 
and pass carbon dioxide through the solution, freeing both hy- 
droxy and carboxyl groups Most of the sodium carbonate is 
insoluble and is removed by filtration The alcohol is distilled, 
leaving an aqueous sodium carbonate solution of thyroxin but 
still in open-ring foim Allowmg this to stand for several days 
will cause a separation of the monosodium salt in the enol form 
which may be purified by similar treatment. 

Oxidation and Reduction of Thyroxin. 

Quantitative oxidation and reduction experiments with thy- 
roxin have not been cairied out because of the amount of material 
which would be requmed m order to isolate the products 
Thyroxin is more susceptible to reduction than to oxida- 
tion. Zinc m alkaline or acid solution breaks off iodine and 
appears to alter the organic nucleus. Thyroxin is reduced when 
heated m the presence of any metal in alkaline solution other 
than nickel and the heavy metals, silver, gold, and platinum. 
Thyroxin is stable m the presence of mild oxidizing agents Hy- 
drogen peroxide produces no immediate effect and m a cold acid 
suspension the molecule will lesist oxidation with potassium 
dichromate or iodic acid. Potassium permanganate or bromine 
in hot aqueous solution causes the breaking down of the molecule. 
Benedict’s copper solution, for the determination of sugar, causes 
an oxidation of thyroxm in the piesence of sodium hydroxide. 
In the presence of ammonium hydroxide alone, thyroxm is stable 
in Benedict’s solution heated to boiling. Fieo iodine if added 
to an alkaline solution produces a precipitate and apparently 
brmgs about a deep-seated reaction within the molecule. In 
acetic acid or acid alcohol, iodine has veiy little, if any, effect 
on thyroxm even at the temperature of boiling acetic acid 
Fuither investigation show’ed that, in the presence of iodine, 
thyroxin is stable in the keto foim, but not m the enol form 
The changes pioduced by oxidation w’th chlorine, bromine, and 
iodme, have not been detennmed, but m alkaline solutions yellow 
iariy products are fomied. Since the enol form of thyroxin is so 
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much, less stable than the keto, the weakness in the molecule 
appears to be in the linkage of the nitrogen, and the pomt of 
cleavage is probably between the nitrogen and the hydroxy 
groups. When the imino carbonyl groups are present, the 
molecule is much more resistant to oxidation by halogen. 

Another point of weakness within the molecule exists in the 
benzene ring. The completely reduced benzene ring readily 
passes over mto a six carbon, straight chain form. Hexa-hydro- 
phenol may be readily oxidized to adipic acid by the action of 
dilute nitric acid. In thyroxin the benzene ring is in the tetra- 
hydro form, and it is highly probable that the one double-bond 
which is present will break down with the formation of an open 
chain structure. A reaction similar to this is found in the oxida- 
tion of the tetra-hydro-benzene ring of sedanonic acid (2) to 
straight chain acids. 

Due to the wealmess of the hnkages to the nitrogen in thyi’oxm, 
it is impossible to hydrolyze derivatives from the unino group. 
After the acetyl radical has been attached to the immo group, it 
cannot be hydrolyzed with sodimn or potassium hydroxide. 
When treated with alkali, the compound precipitates as a di-metal 
salt, and is thrown out of solution. If sufficiently diastic action 
is applied to brmg about the hydrolysis, disruption of the mole- 
cule occurs. 

Thyroxin upon exposure to the sunhght in weak alkaline solu- 
tion IS very unstable. Within 24 hours the solution changes 
from colorless to a pink, or faint yellow, which deepens on stand- 
ing to a brown color, depending on the amount of thyroxin pres- 
ent. Simultaneously with the discoloration a distinct aromatic 
odor is produced slightly resembling that of nicotme. Such a 
solution, when tested for iodine by means of starch m acid solu- 
tion, shows that no iodine has been broken off in the free foim. 
If, however, a small amount of potassium iodide is added, iodine 
IS immediately liberated, which indicates that the lodme within 
the thyroxin molecule was not broken off either as hydnodic 
acid or as iodine, but in the foim of hypoiodous acid. On longer 
standing a test for free iodine is given without the addition of 
potassium iodide and the amoimt of hypoiodous acid is much 
reduced. After several weeks no test for iodine or hypoiodous 
acid is given, but all the iodine is found in the foim of hydriodic 
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acid. The reduction of the hypoiodous acid to hydriodic acid 
is probably brought about by the hydroindolo nucleus. The 
fining that iodine is broken off from the thyroxin molecule in 
the form of hypoiodous acid and not as hydriodic has direct bear- 
ing on the physiologic action of the molecule within the body. 

The Acetyl Denvaitve. 

With the acetyl, sunlight produces a similar reaction, but in 
this case the solution is found to contain both hypoiodous acid 
and iodine. The acetyl derivative, therofoie, is more susceptible 
to oxidation than thyroxin, and brings about a much more rapid 
reduction of the hypoiodous acid to iodine and hydriodic acid 

So unstable is the acetyl under certain conditions that there is a 
spontaneous liberation of iodine from the molecule and the simul- 
taneous oxidation of the organic nucleus, resulting in a change of 
color and the production of a yellow tarry material The con- 
ditions under which it is produced appear to be in a solution of 
approximately the neutrality of distilled water. If barium or 
calcium chloride is added to a sodium hydi oxide solution of the 
acetyl, and the solution is boiled, no decomposition of the barnun 
or calcium salts occurs. If magnesium chloride is used in place 
of barium or calcium, the basicity of magnesium hydroxide is 
insuiBacient to prevent the decomposition of the acetyl, and there 
IS a spontaneous liberation of iodine accompanied with produc- 
tion of a blue color, which changes to green, and finally to yellow. 
This same reaction occurs if the sodium salt of the acetyl is dis- 
solved in distilled water and allowed to stand without the addition 
of sodium hydroxide. Also if the disodium salt is filtered on a 
small Buchner funnel, washed with sodium chloride, and allowed 
to stand m a moist condition there is rapid liberation of iodine 
and production of bluish green colors, which fade to yellow. If 
small pieces of the acetyl in dry form are added to water, alcohol, 
or pyridine containing alkali, the solution of the solid material is 
accompanied by decomposition m part with a liberation of iodine 
and discoloration. If the acetyl is dissolved in alcohol the addi- 
tion of sodium hydroxide to the solution will form the sodium salt 
of the acetyl without decomposition or liberation of iodine. Fur- 
thermore, an alkahne solution can be added to acid with precipi- 
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tation of the acetyl without decomposition. In both acid and 
alkaline solutions the acetyl is as stable as thyroxin, but at the 
neutral point a spontaneous decomposition occurs. One of the 
factors which affects this reaction is the mass of material present. 
In dilute solutions the decomposition of the acetyl is veiy much 
slower, and m sufficiently dilute solutions it may not occur at 
all. This effect of the mass of material explains why solution in 
alcohol prevents the destruction of the acetyl with addition of 
alkali. The mechanism is essentially the diminution of the con- 
centration of the acetyl. Great difficulty was encountered in 
the preparation of the acetyl until the factors influencing the 
decomposition were discovered. As thyroxin does not react in ’ 
this way no difficulty was anticipated, and it was only after 
identification of free iodine in the solutions of the acetyl which 
had turned bluish green that an insight into the mechanism was 
obtained. Why the acetyl derivative spontaneously decomposes 
at the neutral point and gives off iodine in the free form instead 
of hypoiodous acid, as occurs with thyroxin, is not known. 

The reactions resulting in the oxidation of the acetyl and hbera- 
tion of iodine are also given by the ureide under similar condi- 
tions. This excludes the possibility that the acetyl radical is 
necessary for the decomposition and suggests that the reason for 
the instability is the replacing of the imino hydrogen by a larger 
group 

When this decomposition has occurred in part, the products 
cannot be removed from the rest of the material, and it is impos- 
sible to separate the acetyl in free form. The tarry products 
resulting from the decomposition of a small part prevent the 
crystallization of the rest of the acetyl. The retention of im- 
purities by the acetyl is very similar to the retaining of impurities 
by partially purified thyroxin. 

Beside the spontaneous decomposition, other reactions which 
are specific to the acetyl were found which will be discussed at 
this time. It was found that when the acetyl was freshly pre- 
cipitated from an alkaline solution by an acid it is soluble m 
ether. After it has been separated in crystaUme form and diied 
it is insoluble in ether This difference m solubihty is undoubt- 
edly due to the acetyl existing in open-iing form when precipi- 
tated from cold water solution. The closed-rmg form is insoluble 
in ether. 
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When the acetyl derivative is prepared by adding acetic 
anhydride to an alkaline alcoholic solution of thyroxin, and the 
alcoholic solution of the acetyl is then added to ether the acetyl 
is removed only partially by subsequent extraction of the ether 
with sodium hydroxide A large amount of the acetyl remains 
in the ether. If the ether solution is tested with nitrous acid 
the usual reaction with the production of a yellow color turning 
to red with the addition of ammonia, does not occur. After 
alcoholic sodium hydroxide is added and the solution is heated, a 
typical reaction with nitrous acid will take place. Another dif- 
ference of the acetyl before and after the treatment of the ether 
solution with alkah is shown in the solubility of the acetyl in 
alkalies. If the ether is evaporated before alkaline hydrolysis, 
the acetyl is found to be very difficultly soluble m aqueous sodium 
hydroxide After hydrolysis in alkaline alcohol, the acetyl is 
very easily soluble in dilute alkali. The non-reactivity with 
nitrous acid and insolubility in alkali may be due either to the 
formation of an inner salt between the carboxyl and imino, or to 
the formation of a diacetyl derivative. Treatment with alkalies 
hydrolyzes either the acid salt or one acetyl group, and the acetyl 
in free form is hberated. 

The Action of Sunlighi on Thyroxin, and the Production of Colored 
Compounds from Thyroxin. 

When thyroxin, the acetyl, or the ureide is dissolved in dilute 
sodium hydroxide and allowed to stand m the sunlight, the solu- 
tion slowly changes, and in the course of 12 to 72 hours develops 
a distinctly pink color. On further standing the pink color is 
changed to yellow. WTien the carbonic acid derivative was 
prepared by treating thyroxin with phosgene, it was found to be 
unstable and changed to a deep pink. When the sodium or 
barium salt of thyroxin is allowed to stand exposed to sunlight in 
a dry form, it also develops a pink color. With the barium salt 
this action does not occur in the dark, or when the salt is covered 
with water. The development of the pink color in each case is 
accompanied by the splitting off of iodine in the form of hypo- 
iodous acid. This pink color was first noticed on the edges and 
outside of white porcelam casseroles which were used to extract 
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the barium salt of thyroxin with sodium hydroxide Where the 
solution dried and was exposed to heat and light the pmk color 
developed Later this was shown to be due to the thyroxin itself 
and not to the impurities present. The chemical structure of 
the pink-colored compound is still unknowm, but it appears 
probable that it is an oxidation product of the hydiomdole 
nucleus The effect of hght on the separation of thyi’oxm is of 
importance, and loss of thyroxm due to the action of light may 
amount to a considerable percentage of the total unless pre- 
cautions are observed not to permit the action of direct sunlight 
to destroy the partially pmufied thyroxm. 

Effect of Acid and Alkali on Thyroxin. 

No quantitative determinations have been made as yet con- 
cerning the ultimate products of alkaline hydrolysis because of 
the amount lequired to isolate the decomposition products 
Thyroxm is not affected at room tempeiature by any concentra- 
tion of aqueous sodium hydroxide It is soluble in dilute alkah 
and after the concentration has reached 10 to 15 per cent the 
disodimn salt sepaiates The further addition of alkah rendeis 
the sodium salt more insoluble but it does not cause any destruc- 
tion of thyroxm. Although thyroxm is stable m sodium hydrox- 
ide at room temperature, when it is heated above 110° in the 
piesence of strong sodium hydroxide, there is a destruction of the 
molecule with the splittmg off of sodium iodide, and eventually 
the liberation of indole which may be identified Vjy the pme- 
splmter reaction The amount of indole hbeiated is not quanti- 
tative and it IS probable that only traces of the hydromdole 
nucleus appear as indole 

In acids thyroxm is not so stable as m the piesence of alkali 
In aqueous solutions of pure thyi’oxin, hydiochloiic or sulfuric 
acids precipitate the hydrochloride or sulfate of thirroxm, and, 
since these are insoluble, the destiuction of thyroxm is prevented. 
However, when thyroxm is present m open-ring form, strong 
acids brmg about reactions with the impuiities and oily tarry 
products result In alcohol solutions prolonged action of hydro- 
chloric acid causes a destruction m part even with pme thyroxm, 
resulting in the production of a brown discoloration Poly- 



308 The Chemical Identification of Thyroxin 


menzation of indole compounds m the presence of acid is well 
established, and it seems piobablc that this explains the destruc- 
tive action of acids on thyroxin 

A Consideration of Othei Possible Structural Formulas 

Accepting the empirical foimula as Cu Hio O3 NI3, the carbonyl 
group in the molecule could be piesent as a ketone, either at- 
tached to the side chain or to the benzene iing. That this is not 
the case is shown by the failure of thyroxin to react with hydra- 
zine, phenylhydrazme, 01 seimcarbazone The carbonyl group 
adjacent to the imino should not react with hydrazine and the 
failm’e of thyroxin to react is evidence corroborating the hypoth- 
esis that the carbonyl group is adjacent to the imino The 
positions of the three iodine atoms, the three extra hydrogen 
atoms, and the three carbon atoms in excess of the indole nucleus 
have not been determined by substitution or by decomposition 
products The most conclusive proof of the position of the three 
carbon atoms and the terminal carboxyl would be furnished by 
the synthesis of thyroxin The synthesis of thyroxin will be 
reported in another paper, but at this tune the synthesis of the 
compound ivill be cited as evidence for the correctness of the 
structural formula assigned in regard to the position of the three 
carbon atoms with terminal carboxyl The establishment of the 
fact that thyroxin does not rotate polarized light excludes an 
asyimnetric carbon atom and confirms the arrangement of the 
double-bonds. 

The Crystal Form and Melting Point of Thyroxin 

The keto form of thyroxin crystallizes 111 six distinctly different 
forms (Figs 25 to 30) Each of the seven other forms of thy- 
roxin has chaiacteristic crystal forms The di-basic and mono- 
basic metal salts and the amino- and imiiio acid salts of thyioxin 
also have chaiacteristic forms. 

The crystal forms of imiiio acid salts and of di- and mono-metal 
salts are flat plates for the most part The othei crystal forms 
are long branching needle blades or thiead-hke needles which 
occur in rosettes, or m sheaves, or in tangled masses 
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Beside the typo of ciystal. all these forms and derivatives of 
thyroxin also have characteristic melting points For these 
leasons microscopic study of the crystals and the determination 
of the melting point are the two methods which have proved of 
gieatest value during this investigation. The deteimmation of 
iodine IS not of such value because the iodine content of any one 



Fig. 25. 

Figs 25 to 30 Six diffeient types of ciystals m whicli the keto form of 
thyroxin sepaiates 

foim may vary within wide limits without gieatly affecting either 
the melting point or the crystal form. A good illustiation of this 
IS in the keto foim of thyroxin The keto foim of thyroxin when 
pure melts at 250°, when slightly impure the melting point diops 
to 246° or 245°, and when grossly contaminated with impuiities 
it drops to 240°. This point, howevei, appears to be the limiting 
value below which the keto form seldom melts It appears that 
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merely dissolving thyroxin in alkali and precipitating it causes a 
slight decomposition. The decomposition products are retained 
by the pure thyroxin and are separated with great difl&culty. 
However, the presence of these nnpmities rarely exceeds the 
amount which lowers the melting point to the neighborhood of 
240°. Microscopically the keto type of crystals could be identi- 



Fig 26 

fied, and the melting point of 240° or above would confirm the 
form in which thyroxin existed but the iodine content might 
vary as much as 2 5 per cent from the theoietical The keto 
form melts the highest of all forms oi derivatives of thyroxm, 
from 240-250°, the ammo carboxyl form melts in the neighbor- 
hood of 225°, the ammo hydrate melts at 216°, and the enol form 
at 204°; the immo acid salts melt at about 228°, the ammo-acid 
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salts in the neighborhood of 204°; the deiivatives of thyroxin 
attached to the imino, in closed-ring form, melt at about 238° 
and in open-ring form at about 152°. It is apparent that the 
melting points of different forms and derivatives aie so widely 
separated that no misinterpretation could result except in cases 
of mixtures, and the crystal form is so definite that mixtures can 



Fig 27 

be identified under the micioscope. It has been found, however, 
that the melting point vanes gi’eatly with the rate of heating. 
One sample of thyroxin, which melted at 240° when heated at the 
late of 10° increase per minute, melted at 248° when heated at the 
late of 18° increase per minute, and at 221° when heated at the 
rate of 0 6° increase per minute. 
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Fig 29 
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For a routine determination we have adopted the rate of 10° 
increase per minute, and when the melting point is observed 
under these conditions each foim of thyroxin and its derivatives 
agree very closely in their meltmg points, with othei samples of 
the same form 



Fig 30 

EXPERIMENTAL. 

The Percentage of Iodine in Thyroxin 

Eighteen different samples of thyioxm have been prepared, the 
weights of the samples ranging from 900 mg. to 5 gm All 
the samples contained at least C3 5 per cent of iodine and six 
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were purified until they contained approximately 66 per cent 
of iodine. The iodine content® of Samples 1 to 6 is as follows 

lodme Content of Thyroxin ® 

Sample 1 5 10 mg contained 3 31 mg. of lodmc = 64 81 pei cent. 
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Precipitation of thyroxin from alkaline alcohol with acetic 
acid, or by boiling an ammoniacal solution, does not vary the 
percentage of iodine. Precipitated with acetic acid from alkahne 
alcohol the iodine content of thyroxin was 64,95 per cent. Pre- 
cipitation of the same preparation by boiling an ammoniacal 
solution gave an iodine content of 64 92 per cent 50 mg. of 
thyroxin were dissolved in 200 cc. of water containing 3 cc. of 
concentrated ammonium hydroxide. The solution was boiled 
down to 100 cc. 100 cc of water wcie added and the solution 
was boiled for a few minutes, cooled, and filtered 15 cc of fil- 
trate contained 0.20 mg. of iodine. 

Solubility == one part m 48,800. 


Ultimate Analysis of Thyroxin, 


Sample No 

Weight of 
sample 

COs 

HsO 

Ciirbon 

Hydrogen 

Iodine 


mg 

mg 

mg 

per cent 

•per cent 

per cent 

7 

201 4 

175 2 

32 3 

23 72 

1 78 

64 95 

7 

171 2 

148 0 

26 9 

23 57 

1 74 

64 95 

S 

291 0 

248 8 

45 7 

23 32 

1 74 

64 92 

9 

124 2 

101 9 

18 5 

22 37 

1 65 

65 02 


102 mg of tliyioxin contained 2 27 mg of nitrogen = 2 23 per cent 



Caibon 


Oxy- 

gen 

Nitro- 

gen 

Iodine 

Calculated for Cn Hio O3NI3 

Found 

per cent, 

22 56 
22 37 

per cent 

1 70 

1 65 

per cent 

8 20 

8 73 

ptr cent 

2 39 

2 23 

per cent 

65 10 
65 02 


2 The lodme was determined by a method published in 1914, which has 
been modified lecently so that it is now applicable for the determination 
of small amounts of iodine to a high degi’ee of accuracy (The determina- 
tion of iodine in connection with studies m thyroid activity, Kendall, E 
C , J Biol Chem , 1914, xix, 251) 
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Solubility of Keto Form of Thyroxin, 

50 mg. of thyi-oxin were dissolved m 200 cc. of dilute sodium 
hydroxide. 20 cc. of 50 per cent hydrochloric acid weie added 
and the solution was boiled: 15 cc. of the filtrate contained 0.116 
mg. of iodine. 

Solubility = one part in 84,000. 

The Sulfate of Thyroxin. — ^For the preparation of the sulfate 
50 mg. of thyroxin are dissolved in 200 cc. of -water containing 
50 to 100 mg. of sodium hydroxide; 20 cc. of 50 ‘per cent sulfuric 
acid are added, and the solution is boiled. The sulfate of thy- 
roxin is soluble at 100®, but on cooling settles to the bottom of 
the container in oval-shaped plates. It may be filtered on a 
Buchner funnel, washed with water, and dried m a desiccator. 

Analysis of the Sulfate of Thy toxin 

Sample 1 5 48 mg contained 3 27 mg of iodine = 69.71 per cent. 

“ 2 25 00 “ “ 15 00 “ « “ = 60 00 “ “ 

114 4 mg of thyroxin sulfate gave 86 9 mg of carbon dioxide, IS 1 mg. 
of water; 5 08 mg contained 3 04 mg of iodine. 



Carbon 
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per cent 

per cent 

per cent 

Calculated for Cn HuOeNIsSi . 
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50 mg. of thyroxin were dissolved in 200 cc. of sodium hydrox- 
ide precipitated -with 20 cc of 50 per cent sulfuric acid, and the 
solution was boiled, 15 cc. of the cooled filtrate contained 0.127 
mg. of iodine. 

Solubility = one part in 76,900 

The Hydrochloride of Thyroxin — The hydrochloride of thy- 
roxin is best prepared by dissolvmg a small amount of thyroxin, 
15 to 25 mg in 5 or 6 cc. of alcohol contaimng 2 to 3 cc of 50 
per cent hydrochloric acid 1 to 2 cc of water are added, and the 
alcohol is boiled off m a test-tube. After most of the alcohol has 
been distilled the hydrochloride will separate in flat, glistening 
plates. If too small an amount of acid is used, or too much 
water, the hydrochloiide will hydrolyze, and the plates will 
change to needles. 


rHP jouh'h.l of BiOLOon^i. chemistbt, VOL XL, vn 2 
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The Metal Salts of Thyronn. — Dry crystalline thyroxin is read- 
ily soluble in sodium and potassium hydroxides in the cold, if 
the concentration of the alkali is less than 10 to 15 per cent. 
Thyroxin is insoluble in sodium or potassium hydroxide in the 
'Cold if the alkali is strongei than 15 to 20 per cent, but it is more 
soluble in strong alkali if the solution is warmed. In a mixture 
of 66 per cent of alcohol and 33 per cent of water containing 1 
per cent of sodium hydroxide, thyroxin may be dissolved to the 
extent of about 4 per cent. It is still more soluble in hot solu- 
tions but on cooling will separate as the di-metal salt. Thyroxin 
is not readily soluble in dilute ammonia, but concentrated 
ammonia will dissolve about 1.8 per cent of thyroxin. 

The Di-Bomc Sodium and Potassium Salts. — 100 mg of thyroxin 
are dissolved in 20 cc. of dilute sodium hydroxide and to this are 
added 150 cc. of a solution of 10 per cent sodium hydroxide con- 
taining 20 per cent of sodium chloride. If a precipitate occurs 
the solution is warmed and the clear solution is then allowed to 
stand until cold. The exact concentrations of sodium chloride 
and hydroxide are not important. The disodium salt readily 
separates in any solution containing a high concentration of 
sodium salts. If the strongly alkaline solution is decanted and 
replaced with 15 per cent sodium chloride solution, the crystals 
may be filtered through a Buchner funnel on paper. They are 
insoluble in 10 to 15 per cent sodium chloride and may be washed 
and dried. The disodium salt cannot be prepared m pure form 
for analysis as washing with water dissolves the salt, and it passes 
through the paper. The di-basic potassium salt is prepared in a 
way similar to that used for the sodium salt. The diammonium 
salt is prepared by dissolving thyroxin in hot concentrated 
ammonium hydroxide and allowing the solution to cool. Flat, 
rectangular crystals of the diammonium salt will separate. 

The Alkaline Earth Salts of Thyroxin. — The barium, calcium, 
and magnesium salts of thyioxin are »prepared by dissolving 50 
to 100 mg. of thyroxin m 100 cc. of dilute sodium hydroxide using 
as small an amount of alkali as possible to cai’ry the thyroxin 
into solution. The solution is heated to boiling and 20 cc. of a 
20 per cent solution of barium, calcium, or magnesium chloride 
are added to the hot solution of thyroxin. Carbon dioxide is 
excluded by placing the beaker in an atmosphere free of carbon 
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dioxide. The magnesium and calcium salts are very slightly 
soluble in boiling water. 500 cc of boihng water will dissolve 
between 100 and 150 mg of the barium salt The barium salt 
may be suspended in boilmg water and the solution filtered 
through a Buchner funnel into a suction flask. 30 cc of 20 per 
cent barium chloride are now added to the filtrate and the barium 
salt IS allowed to recrystallize Onlj'' a neghgible amount of thy- 
roxin is soluble in the presence of this amount of barium chloride 
The barium salt under these conditions is unstable and will slowly 
turn a pink color. Analysis for iodme shows a lower iodine con- 
tent than that calculated. 

Iodine Content of Barium Salt 

Sample 1. 6 76 mg contained 3 26 mg of iodine = 48 51 per cent 
“ 2. 5 98 “ “ 3 00 “ “ “ = 50 24 “ “ 

Calculated for BaCnHsOsNIs: 52 91 “ “ 

If the barium salt is filtered and dried there is a slow decom- 
position and the color of the salt becomes yellowish gray. 

Silver, Copper, Nickel, and Zinc Salts of Thyroxin — The silver, 
copper, nickel, and zinc salts are prepared by dissolving 50 to 100 
mg. of thyroxin in 25 to 50 cc of concentrated ammonia. 25 cc. 
of a 10 per cent solution of silver nitrate, copper sulfate, mgkel 
sulfate, or zinc sulfate are made ammomacal with strong ammonia 
so that the precipitated hydroxide is just carried into solution, 
and there is a slight excess of ammonia. The solution of the 
metal is now added to the ammoniacal solution of thyroxin, and 
after standing a short tune the crystals of the metal salt will 
separate. If too much ammonia is used, a larger amount of the 
solution of the metal may be required to start the crystallization. 
Allowing it to stand over mght will insure a more complete pre- 
cipitation. Sodium h 3 ’’droxide may be used for the solution of 
thyroxin, but, since the metal salt of thyroxin is more soluble in 
sodium hydroxide, ammonium hydroxide has been found to be 
the most satisfactory solution The silver, copper, nickel, or 
zinc salts suspended in water or ddute ammonia are soluble on 
the addition of several cc. of 30 per cent sodium hj’-droxide solution. 
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Iodine Consent of Silver Salt. 


Sample 1 4 86 mg contained 2 37 mg of iodine = 48 74 per cent. 
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The average of these eight determinations is 48.73 per cent 
iodine. The iodine content indicates the addition of 92 per cent ' 
of the theoretical amount for a di-metal salt and 184 per cent of 
the amount required for a mono-metal salt. The higher iodine 
content than that calculated for a di-metal salt is undoubtedly 
due to the hydrolysis of the hydroxy group. In the zme salt, 
the amount of iodine was found to be 56 95 per cent. The cal- 
culated amount for the zinc salt is 58.79 per cent, but the calcu- 
lated amount of iodine in the zinc salt in which hydrolysis of the 
hydroxy group had occurred would be 57.12 per cent. The close 
agreement between the amount found and the latter figure is 
evidence that hydrolysis of the hydroxy group also occurs in the 
zinc salt of thjrroxin. The low iodine content of the salts of the 
diad metals, barium and zinc, and the high iodine content’ of the 
salt of the monad metal, silver, suggest that in all di-metal salts of 
thyroxin hydrolysis of the hydroxy group is brought about by 
washing the salt with water. 

Preparation of Mono-Metd Salts — 100 mg of thyroxin are dis- 
solved in 150 cc. of 1 per cent sodium hydroxide, and carbon 
dioxide is bubbled through the solution until thyroxin is precip- 
itated. The suspension is now heated until solution is complete. 
On cooling, the monosodium salt separates in crystal form. The 
separation of the mono-salt is assisted by the presence of sodium 
salts and is hindered by too gi-eat a dilution. An excess of carbon 
dioxide must not be passed through the solution, as free thyroxin 
will be precipitated. The preparation of the potassium salt is 
similar to that of the sodium salt. In preparing the ammonium 
salt, strong ammonium hydroxide is much better than dilute, as 





E. C. Kendall and A. E. Osterberg 


319 


the solubility of the ammonium salt is thereby decreased. If the 
mono-metal salt is filtered on a Buchner funnel and washed with 
10 to 15 per cent sodium, ammonium, or potassium chloride, it 
is not dissolved through the paper. If washed with cold water, 
about 40 per cent is dissolved and 60 per cent of -the amount of 
thyi'oxm taken remains on the paper m the form of free thyroxin 
in the enol form 

Nesslenzation of the Hydrolyzed Monoammomum Salt of Thyronn 

50 mg. of the residue left on the paper after washing the mono- 
ammonium salt with water were dissolved in 60 cc. of ammonia- 
free water containing a small amount of sodium hydroxide. The 
addition of 15 cc of Nessler’s solution and dilution to 100 cc 
produced no color, showing hydrolysis of the monoammomum 
salt was complete. 

Solubility of Monosodium Salt. — 5 cc. of 0.10 per cent sodium 
carbonate dissolved about 15 mg of dry thyroxin in keto form, 
when the solution was heated to boding. Most of the thyroxin 
reprecipitated on coohng to 20®, but not as the monosodium 
salt. The crystals were needles or very small rosettes 1 cc. of 
the filtrate contained 0.76 mg of lodme == 1.17 mg of thyroxin. 

Solubdity = one part in 850. 

5 cc. of 1 per cent sodium carbonate dissolved 85 to 90 mg. of 
thyroxm at almost the boiling pomt. Probably more than this 
amount could be dissolved but as the solution began to turn 
yellow the heating was stopped. On coohng to 23®, needles in 
clusters and square plates of monosodium salt separated 1 cc. 
of filtrate contained 1.14 mg. of iodine = 1.75 mg. of thyroxin. 

Solubihty = one part in 570. 

The Enol Form of Thyroxin. — ^The enol form of thyioxin is the 
most difficult to prepare in crystalhne form, but is very easily 
prepared in the crystal form of the mono-metal salts by cold water 
hydrolysis of the monoammonium, sodium, or potassium salts. 
10 to 20 mg. of the enol form in dry powder is readily soluble in 
1 to 2 cc of pyridine. The addition of 10 to 15 cc. of water 
will produce a cloudiness. On long standing (24 hom's), the 
thyroxin will precipitate Depending on conditions of the con- 
centration of pyridine and the amount of thyroxin present. 
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the thyioxm may precipitate m heto form. This may be dis- 
tinguished under the microscope as long bundles, or sheaves of 
needles. The enol form separates m cither rosettes, or short 
bundles of needles. The enol foim of thyroxin is also soluble in 
quinohne. Other ways to prepare the enol form of thyroxin is to 
add ammonium chloride to a cold solution of the disodmm salt m 
water which does not cohtain an excess of alkali, or to dissolve 
the disodium salt of thyroxin in alcohol and add water and 
ammomum chloride. A mixture of both keto and enol crystals 
usually results if much alcohol is present. 

10 to 15 mg of dry crystals of the keto form of thyroxin may be 
boiled with 5 to 10 cc. of pyridine without going into solution. 
The addition of a very small amount of dilute ammonia will 
change the thyroxih to the enol form and cany it into solution. 
The water may then be boiled off and the enol form remains 
soluble in pyridine If 15 to 20 mg. of the enol form of thyroxin 
are dissolved m 2 to 3 cc. of pyridine in a test-tube, and to this 10 
to 15 cc. of water are added, and the solution is boiled, after the 
pyridine has been removed by distillation, thyroxin will separate 
m the keto form similar to the precipitation of thyroxin from a 
boiling ammoniacal solution 

25 mg, of thyroxin added in the keto form to 10 cc. of water 
in the presence of 1 gm. of sodium carbonate will not dissolve. 
If alcohol is used instead of water and the alcohol is boiled, the 
sodium carbonate does not dissolve but the thyi’oxin is carried 
into solution. The monosodium salt of thyroxin in the enol form 
produced by the alcoholic suspension of sodium carbonate is 
readily soluble m alcohol. 

The Amino-Actd Salt Form of Thyroxin . — For the preparation 
of amino-acid salts, thyroxin is dissolved in a small amount of 
sodium hydroxide m a large volume of water, and to this carbon 
dioxide or other organic acid is added until thyroxin precipitates. 
The voluminous precipitate is filtered, washed, and dried. In 
order to prepare the amino salts in ciystalhne form, other ex- 
pedients may be used. For the preparation of the ammo suKate, 
thyroxin is dissolved either in formic acid or in alcohol contain- 
ing a small amount of sulfuric acid The alcohol is concentrated 
to small volume, and water is quickly added in large volume. 
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Solubility of Thyroxin in Ammo Salt Form 

Hydrochloride — 50 mg. of thyroxin, were dissolved in 200 cc of 
dilute sodium hydroxide, and precipitated at 25°C. with a slight 
excess of hydrochloric acid, 15 cc of the filtrate, aftei removing 
the precipitate of thyroxin, contained 0 037 mg of iodine 

Solubility = one part m 263,000. 

Carbonate. — 50 mg. of thyroxin were dissolved m 200 cc. of 
dilute sodium hydroxide, and precipitated by passing carbon 
dioxide through the solution, 15 cc of the filtrate contained 0.012 
mg. of iodine. 

Solubility = one part in 815,000. 

Iodine Content of Ammo Caibonate 

5 8 mg contained 3 137 mg of iodine = 60 57 per cent 

Calculated for CuHi 204 Nl 3 (H 2 C 03 )i = 60 09 “ “ 

The slightly higher figure for iodine than the calculated amount 
is probably due to separation of the thyroxin in either the enol 
or amino hydrate form, or to the hydrolysis of the ammo car- 
bonate and formation of the amino carboxyl. This sample of 
thyroxin contained 65 02 pei cent of iodine when precipitated in 
keto form 

The Ammo Caiboxyl Form of Thyroxin — The amino carboxyl 
form IS prepared by suspending the ammo-acid salt form of 
thyroxin in water m the presence of a small amount of weak 
organic acid, such as acetic, and boiling the solution. The acid 
radical is expelled from the ammo group, and the adjacent car- 
boxyl group forms an amino carboxyl salt It can also be pre- 
pared by dissolving the disodium salt of thyroxin in a large vol- 
ume of water, heating to boiling, adding ammonium chloride, 
and continuing the boiling. The ammo carboxyl form of thy- 
roxin separates. 

If no acid is present the elements of water may be expelled from 
the molecule and thjTOxm wiU separate in keto form. 

Iodine Content of Hydrolyzed Amino-Acid Salts 

A sample of ammo carbonate was suspended m neutral dis- 
tilled water and the solution was boiled 3 minutes. This was not 
sufficiently long to complete the hydrolysis. 
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5.38 mg contained 3.321 mg. of iodine = 61.72 per cent. 

The same sample boiled 15 minutes showed that all of the car- 
bonate had been expelled and also that some of the amino carboxyl 
foiTii had been converted into the keto form. 

5.2 mg. contamed 3.305 mg. of iodine = 63.56 per cent. 

A sample of ammo sulfate suspended in distilled water and boiled 
more nearly approximated the amino carboxyl form, but in this 
case all the sulfate radical was not hydrolyzed. 

5 0 mg contained 3 135 mg of iodine = 62 72 per cent 
Calculated for ammo carbonate, 60 09 per cent iodine 

“ “ “ sulfate, 58 43 “ “ “ 

« “ “ carboxyl, 63 18 “ “ “ 

Freparahon of the Ammo Hydrate Form — Thyroxin is dissolved 

in a large volume of water with a moderate excess of sodium 
hydroxide. The solution is heated to boiling and then removed 
from the flame, and 10 per cent ammonium chloride is slowly 
added to the amount of 10 to 15 oc. The solution becomes 
turbid, and long branching crystals separate. The limits of the 
concentration of the hydrogen ion and the temperature for the 
formation of the enol, amino hydrate, amino carboxyl, and the 
keto forms are very narrow. If thyroxin is dissolved m a few 
mg. of sodium hydroxide, and the solution is diluted to about 
400 cc., and divided into four equal parts, each of the four dif- 
ferent forms of thyroxin may be prepared from these solutions 
merely by varying the conditions of the precipitation. Ammo- 
nium chloride added to one of the solutions in the cold, will precip- 
itate the thyroxm in the enol form, or as the monoammonium 
salt in flat plates. If ammonium chloride is added to the second 
solution, which has been heated to boilmg, and then removed 
from the flame, the amino hydrate foim will separate. If the 
ammo hydrate is precipitated in the third, and the solution con- 
taining a suspension of the amino hydrate is heated to boiling 
and the boilmg contmued, the crystals will change into the amino 
carboxyl form. If a large excess of ammonium chloride is added 
to the fourth solution, and the solution is boiled, thyroxin will 
separate in the keto form. 

Open-Rmg Form in the Presence of Impurities. — The percentage 
of iodme in the open-ring foim of thyroxin, which is still soluble 
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m pyridine, sodium carbonate, barium hydroxide, and alcohol, 
may be between 50 and 60 per cent. 

Iodine Content of Thyrosnn Still in Open-Ring Foim 
Sample 1 5 00 mg. contained 2 51 mg of iodine = 50 28 pei cent 
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The solubility of these samples in alcohol,, sodium carbonate? 
and barium hydroxide showed that although the amount of im- 
purities present was very small, the ring still existed in open form. 

Colloidal Substances Producing theOpen-RingForm of Thyroxin . — 
50 to 100 mg. of pure thyroxin, added to the impurities which are 
separated, during the process of purification, will become readily 
soluble in alcohol, sodium carbonate, and barium hydroxide, 
showing the change from the keto to the open-ring form. Gelatm 
and proteins of blood produce the same changes, but the ammo-* 
acids resulting from the hydrolysis of gelatin will not change the 
solubility of thyroxin in barium hydroxide, alcohol, or sodium 
carbonate. 


The Acetyl Derivative. 

Preparation of the Acetyl. — In the preparation of the acetyl it 
is necessary to use pure thyroxin. The presence of even a small 
amount of impurities makes it impossible to crystaUize the acetyl 
and it will separate only as an oily tar. 100 mg. of pure thyroxin 
are added to 20 cc. of alcohol contammg 100 mg. of sodium 
hydroxide. After the thyroxin is entirely dissolved 2 cc. of acetic 
anhydride are added. The solution is allowed to stand for 30 
minutes, 5 cc. of water and 5 cc. of 50 per cent sulfuric acid are 
added, and the alcohol is evaporated by boiling in a 200 cc. dis- 
tilhng flask under dimmished pressure. The temperature is not 
allowed to go above 40°C. Crystals of the sulfate of the acetyl 
separate as the alcohol is removed. These are dissolved in about 
15 cc. of alcohol which is filtered and added to a beaker containing 
200 cc. of boiling water and 5 cc. of 50 per cent sulfuric acid. The' 
addition of the first few drops of the alcohol solution of the acetyl 
does not cause a precipitate but further addition of the alcohol 
solution causes a precipitation in crystalline form of the free acetyl. 
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Purification of the acetyl may also be carried out by dissolving 
the acetyl sulfate in 25 cc. of alcohol and adding 5 gm. of sodium 
acetate and 10 cc. of 30 per cent sodium hydroxide. After the 
alcohol has been removed by boiling under diminished pressure, 
the disodium salt of the acetyl mil separate in large, flat plates. 
The sodium salt may then be dissolved in alcohol and precipi- 
tated by addition to a boiling solution of dilute sulfuric acid as 
described above. 

Many samples of the acetyl have been prepared and analyzed. 
Some of the results are as follows: 


Analysis of the Acetyl of Thyroxxn 
Sample 1 6 26 mg. contained 3 20 mg of iodine = 60 91 per cent 
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97 9 mg of acetyl gave 90 1 mg of carbon dioxide and 16 2 mg of water; 
5 10 mg contained 3 10 mg of iodine 



Carbon 

Hydrogen 

Iodine 

Calculated for C13H12O4NI3 .. 
Found 

per cent 

24 88 

25 09 

H 

per cent 

60 77 

60 86 


The Sulfate of the Acetyl Derivative . — If the acetyl derivative is 
dissolved in alcohol and added to boiling dilute sulfuric acid, the 
acetyl precipitates in free fonn without the addition of sulfuric 
acid attached to the imino group. If, however, sulfuiic acid is 
added to the alcohol solution of the acetyl and the alcohol is 
evaporated either at room temperature by a current of air or 
by boiling under diminished pressure at a low temperature, the 
sulfate of the acetyl separates m needle crystals. 

Analysis of the Sulfate of the Acetyl 
Sample 1 5 02 mg. contained 2 84 mg of iodine = 56 66 per cent 

“ 2 5 52 “ » 3 12 “ “ “ = 56 52 “ “ 

“ 3 6 2 “ “ 3 51 “ “ “ = 56 61 “ “ 

111 5 mg of the sulfate of the acetyl gave 94 8 mg of carbon dioxide- 

and 19 7 mg of water, 5 52 mg. contained 3 12 mg of iodine 
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Although thyroxin is insoluble in pyridine, alcohol, ethyl 
acetate, or acetic acid, the acetyl is soluble in all these reagents. 
When the acetyl is precipitated from an alkaline solution by the 
addition of an acid, it is at first soluble in ether and may be ex- 
tracted out of the water by placing in a separatory funnel with 
ether. After the acetyl has been prepared in puie form and 
dried, it is insoluble m ether. 

TheDi-MetalDenvaUves of the Acetyl f —The sodium, ammonium, 
and potassium salts of the acetyl are prepared as with thyroxm. 
100 mg. of the acetyl are dissolved m 10 cc. of alcohol, to which 
are added 10 cc. of 30 per cent sodium hydroxide and 5 gm. of 
sodium acetate. The di-metal salt will separate in targe, flat 
crystals if the alcohol is evaporated under diminished pressure. 
The temperature may be raised to that of boilmg water without 
decomposition of the acetyl by the sodium hydi oxide as no hydiol- 
ysis of the acetyl occurs under these conditions. If sodium chloride 
is substituted for sodium acetate in a solution similar to the one 
mentioned above and the alcohol is evaporated, the sodium salt 
of thyroxin separates in small plates. 

The barium and calcium salts of the acetyl aie prepared by 
dissolving 25 to 50 mg. of the acetyl in the least possible amount 
of alcohol, 2 to 3 cc., adding water and | to 1 cc. of pyridme, the 
solution is boiled until the alcohol is volatilized, care being taken 
not to decompose the acetyl by prolonged boiling. To the pyri- 
dine solution of the acetyl a 40 per cent solution of barium or 
calcium chloride is slowly added, and the solution is heated to 
boihng. The alkalme earth salt of the acetyl will separate. It is 
readily soluble in an excess of pjridme. If the solution is heated 
for too long a time hydrolysis will occur. The salt may be filtered 
and washed without decomposition. 

^ In working with the acetyl, it is always necessary to dissolve the dry 
powder in alcohol before making it alkaline Unless this is done, some of 
the acetyl will spontaneously decompose during the solution of the powder 
in alkali 
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The reactions of thyroxin indicate that the molecule exists in 
both open- and closed-ring forms. The chemical properties of 
the acetyl are evidence that this derivative also exists m open- and 
closed-ring forms. The sodium salt of the acetyl washed with 
dilute acetic acid is completely hydrolyzed. When prepared in 
this way, however, its melting point is found to be 152°. When 
this material is dissolved in alcohol and added to boiling dilute 
sulfuric acid, the acetyl separates in closed-ring form, and the 
meltmg point is 238°. This suggests that in the sodium salt the 
acetyl exists in open-ring form, and hydrolysis of the sodium from 
’the molecule leaves the open-ring structure. This is further 
corroborated by analysis of the silyer salt. 

Preparation of the Silver Salt of the Acetyl . — If the acetyl is 
dissolved in alcohol and then made alkaline with sodium hydroxide 
and the alcohol evaporated, the addition of ammonia and silver 
nitrate produces no precipitate. This is also true of thyroxin m 
the open-ring form. If 50 mg. of the acetyl are dissolved in 2 
to 3 cc. of alcohol, to which are added 2 to 3 cc. of pyridine and 10 
cc. of water, and the alcohol is removed by boiling, the addition 
of silver nitrate to the aqueous pyridine solution of thyroxin will 
cause a precipitate to form. This is not crystalline in nature, 
although under some conditions it may be possible to separate it 
in crystal form. The silver salt may be filtered on a Buchner 
funnel and washed with water without decomposition. 

5 14 mg of the silver salt of the acotyl contained 2 26 mg of iodine 
= 44 06 per cent. 

Calculated for Ag2Gi3Hi20BNl3 iodine = 44 35 per cent 
“ “ Ag Ci3Hn04Nl3 » = 51 91 “ “ 

The iodine content of the silver salt of the acetyl indicates the 
addition of 2 per cent too much silver for the disilver salt of the 
open-ring form of the acetyl, and 220 per cent too much silver for 
the mono-salt of the closed-ring form. These results, proving 
conclusively that not one but two atoms of silver had added to 
the acetyl, show that in an alkaline solution the acetyl exists m 
open-ring form. 

The open-ring structure of the acetyl is also mdicated by the 
increased solubihty of the acetyl in weak bases such as pyridine, 
quinoline, and very dilute ammonia. The terminal carboxyl in 
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thyroxin is so weak that the acetyl derivative would not be soluble 
m these reagents in the closed-ring form. 

Preparation of the Ureide . — Only pure thyroxin should be used 
in preparation of the ureide for the same reasons given under the 
preparation of the acetyl. 100 mg. of disodiimi or zinc salt of 
thyroxin are added to 10 to 15 cc of glacial acetic acid containing 
200 mg. of potassium cyanate. Solution of the salt of thyroxin 
should be completed as the ureide is soluble in acetic acid. 5 cc. 
of water, 5 cc. of alcohol, and 5 cc. of 50 per cent sulfuric acid are 
added and the alcohol, water, and acetic acid are removed under 
dimmished pressure, the same as in the preparation of the acetyl. 
The sulfate of the ureide is dissolved in 15 cc. of alcohol, filtered, 
and slowly added to a beaker containing 200 cc. of water and 5 cc. 
of 50 per cent sulfuric acid, which is heated to boihng. The ureide 
separates in crystal rosettes or needles 

Sample 1. 4 78 mg of ureide contained 2 91 mg of iodine = 6081 pei cent. 

“ 2 5 04 “ “ “ “ 3 07 “ “ “ = 61 03 “ “ 

“ 3 5 02 “ “ “ “ 3 05 “ “ “ = 60 74 “ “ 

Calculated for CiaHnOsNalj = 60 67 per cent 

Preparation of the Methyl Ester , — 100 mg. of the silver salt of 
thyroxin are suspended in 20 cc. ,of alcohol to which are added 4 
to 5 cc. of methyl iodide. The ciystals are occasionally stirred 
and allowed to stand at a temperature of 40 to 50° for several 
hours until decomposition of the silver salt is complete. This is 
indicated by separation of silver iodide m volummous form. The 
silver iodide is removed by filtration. If the alcohol is allowed to 
evaporate, the dimethyl derivative crystallizes in the form of fine 
threads. They may be separated by formation of the sulfate 
similar to the preparation of the acetyl. 5 cc. of water and 5 cc of 
50 per cent sulfuric acid are added to the alcohol filtrate from the 
silver iodide and the alcohol is removed by distillation under 
diminished pressure. The dimethyl derivative separates probably 
as the sulfate. It is insoluble in water, but soluble in alcohol. 
Treatment with alcoholic sodium hydroxide frees the carboxyl 
group, and the monomethyl derivative is then slightly soluble m 
aqueous sodium hydroxide. The methyl ester is veiy difficultly 
purified and has not been prepared containing a theoretical per- 
centage of iodine. It appears to retain silver iodide even after 
repeated precipitation. 
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The Action of Nitrous Acid on Thyroxin . — 25 mg. of thyroxin 
dissolved m 2 cc of dilute sodium hydroxide were added to the 
deaminizing chamber of the Van Slyke apparatus, and the usual 
procedure was followed, shaking for 3 minutes. 0 69 cc. of nitro- 
gen was evolved. The apparati^ was allowed to stand 9 minutes 
and was again shaken for 3 minutes; 0.06 cc. of nitrogen was 
obtained. 4 minutes later it was again shaken for 3 minutes and 
0.04 cc. was obtained. The , total, liberated m 22 minutes, 
showed 1.72 per cent amino nitrogen which is 72 per cent of 
the total nitrogen contamed in the molecule. 

Another 25 mg. sample of thyroxin, after 3 mmutes shaking, 
liberated 0.75 cc. of nitrogen. This is equivalent to 1.60 per cent 
of amino nitrogen in the molecule and is 67 per cent of the total 
nitiogen. 

25 mg. of the amino carboxyl salt form of thyroxin suspended in 

2 cc. after 3 minutes shaking gave 0.08 cc. 10 minutes later, after 

3 mmutes more shaking, 0 06 cc., and 10 minutes later, after 
3 mmutes shaldng, 0.04 cc.; total amount liberated = 0.18 cc. 
which IS equivalent to 0.093 mg. of ammo nitrogen, and is 16 
per cent of the total nitrogen. 10 mg. of keto form of thyroxin 
suspended m 2 cc. of water gave no ammo nitrogen. 

The amino nitrogen m 25 mg. of the acetyl was determined as 
described above. After 3 minutes 0.11 cc., and after 10| mmutes, 
0.11 cc moie of nitrogen were liberated. The nitrogen in the 
amino form amounted to 24 per cent of the total nitrogen m the 
molecule. 

The nitrogen in isatin and indole, given off as ammo nitrogen, 
was determmed. 100 mg of isatin after 4 minutes gave 1.72 cc. 
and after 5 minutes more gave 0 41 cc of nitrogen This volume 
was equivalent to 1,13 mg. of nitrogen and amounted to 12 per 
cent of the total nitrogen present. 100 mg. of indole gave 1.27 
cc. after 3 mmutes, and 0.34 cc of nitrogen after 4 minutes more 
shakuag. This is equivalent to 0,86 mg. and is 7 per cent of the 
total nitrogen in indole 

Besides the action of nitrous acid on thyroxin liberating some 
of the mtrogen as amino nitrogen, a characteristic color reaction 
is produced. A few mg. of pure thyroxin, added to 5 cc. of alcohol 
containing three to four drops of 50 per cent hydrochloric to which 
are added five or six drops of 1 per cent sodium nitrite solution, 
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will develop a yellow coloi . This is increased by boiling. If the 
solution is cooled and concentrated ammonia is added until 
distinctly alkaline, a pink color is produced. This is a sensitive 
reaction for thyroxin, a distinct color being produced by one pait 
of thyroxm in 40,000 parts of solution. If acetic or sulfuric acid 
IS substituted for hydrochloric, the yellow color is not so deep 
and the addition of ammonia does not produce a pink color but 
gives a yellowish orange color If the sample of thyroxin is im- 
pure, a yellow instead of a pink color is produced with ammonia. 
The acetyl and ureide derivatives give the same reaction, produc- 
mg a pink color with ammonia. 

The Pme-Sphnter Reaction for Indole. — From 15 to 20 mg. of 
thyroxin are placed in a test-tube with 5 cc. of 30 per cent sodium 
hydroxide and sufl5,cient water to carry the thyroxm into solu- 
tion. As the excess of water is boiled off, thyroxin will precipitate 
as a disodium salt, but on further heating, after the water has been 
ahnost completely driven off and the temperature of the solution 
has been raised to between 100 and 200°, the disodium salt is 
again dissolved and a faint indole-like odor is given off. A pine- 
splinter moistened with hydrochloric acid is turned red by the 
vapors given off from the fusion. 

The Effect of Thyroxin on Polarized Light. — 1 gm. of thyroxin 
was dissolved in 20 cc. of alcohol and 7 cc. of water containing 
300 mg. of sodium hydroxide. The solution was filtered and 
placed in a 2 dm. tube and its effect on polarized light was deter- 
mined. No rotation of light could be determined. The solution 
of thyroxin was then placed in a 1 dm. tube. No rotation of the 
light could be determmed. 

The Ejfect of Hydrazine on Thyroxin. — If thyroxin is added to 
hydrazine hydrate, it immediately dissolves. If water is added, 
thyroxin remams in solution. The addition of carbon dioxide 
precipitates thyroxm as the amino carbonate. If the solution of 
thyroxin in the hydrazine hydrate is boiled after the addition of 
water, thyroxin precipitates as from ammoniacal solutions. No 
condensation with hydrazine, phenylhydrazine, semicarbazone, 
or hydroxylamme could be demonstrated when thyroxm was 
dissolved in alkaline alcohol to which these reagents were added, 
in acid alcohol to which these reagents were added, together with 
sodium carbonate or pyridine, or when dissolved in pyridine to 
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which the reagents were added. Either decomposed products due 
to heating at too high temperature or unchanged thyroxin were 
recovered. 

The Melting Points of Thyroxin and Its Derivatives . — The fol- 
lowing melting points of thyroxin in its several forms and its 
derivatives are recorded to illustrate the agreement between 
different samples (Tables I to IX). It is evident that among 
some of the derivatives fairly large variations occur, but between 
any two different forms the differences are much greater than 
that found between the melting points of two samples of the 
same derivatives. 

The following salts of thryoxin and its derivatives were not 
melted when heated to 260 °: di- and monosodium salt of thyroxin; 
di-and monopotassimn salt of thyroxin; barium salt of thyroxin; 
disilver salt of thyroxin; disodmm salt of acetyl; disilver salt of 
acetyl; calcium salt of acetyl. 

TABLE I 


The Melting Point of the Keto Form of Thyroxin. 


No of sample 

Slight 

browning 

Sublime or 
mist 

Pirst 

droplets 

Completely 

1 melted 

Froth 

125 



248 


250 

32 



241 


248 9 

123 



235 

247 

247 

124 



240 

246 

246 

81 



243 

245 

246 

91 



241 

242 

243 

107 



241 

242 

242 

115 



! 239 

242 

242 

119 



239 

241 

241 5 

117 



237 

241 

241 

97 



236 

240 

241 

28 



195 

240 

241 5 

80 



239 

240 

■240 

59 



238 

239 

240 5 

51 



236 

239 

240 
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TABLE II 

The Melting Point of the Enol Form of Thyroxin. 


No of sample 

Slight 

browning 

Sublime or 
mist 

[ First 

droplets 

Completely 

melted 

Froth 

40 




202 

205 

41 




205 

205 

42 

190 



204 5 

204 6 

43 

160 



204 

204 

44 

160 


202 

; 208 

208 

46 


190 

200 

202 

204 

49 


190 

203 

206 

206 

60 



196 

201 

201 

53 

150 


198 

203 

204 

55 

160 

190 

200 

202 

204 

108 

160 


198 

204 

205 

109 

180 

198 

206 

208 

208 

no 

170 


200 

202 

203 

111 




203 

205 


TABLE III 


The Melting Point of the Amino Hydrate Form. 


No of sample 

Slight 

browning 

Sublime or 
mist 

First 

droplets 

Completely 

melted 

Froth. 

129 



214 

216 

216 6 

114 



207 

212 

214 


TABLE IV 

The Melting Point of the Amino Carboxyl Salt Form. 


No of sample 

Slight 

browning 

Sublime or 
mist 

First 

droplets 

Completely 

melted 

Froth 

86 

216 


219 

220 

221 

88 



216 

218 

221 

89 



216 

218 

219 

95 



219 5 

221 

222 




222 

223 5 

223 5 




222 

223 

223 5 

112 



216 

220 

221 

113 



217 

221 

222 

118 



221 

222 

222 5 

120 



221 

224 

224 

121 



222 

224 

225 

127 



218 

222 

223 

130 




225 5 

226 
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TABLE V 


The Melting Point of Add Salts of the Ammo Group. 



No of 
sample 

Slight 

browning 

I 

Sublime 
or mist 

First 

droplets 

Com- 

pletely 

melted 

Froth 

Ammo sulfate 

83 


182 

207 

208 


C( 

u 

93 

162 


202 

204 




103 

180 


206 

207 

208 

it 

oxalate . . . 

104 

180 


206 

207 

208 

£C 

formate . . 

101 



202 

205 

208 

4C 

t< 

76 

150 


190 

205 

206.5 

U 

i< 

84 


180 

202 

204 

204 

4t 

u 

82 

160 



204 

205 

U 

acetate. 

102 


■ 

202 

206 

208 

« 

carbonate 

87 

160 

1 


204 

206 

206 


TABLE VI 

The Melting Point of the Acetyl 


No of sample 

Slight 
brow mug 

Sublime or 
mist 

First 

droplets 

Completely 

melted 

Froth, 

34 



220 

228 

230 

30 



225 

235 

236 

29 



215 

223 

232 


TABLE VII 

The Melting Point of the Sulfate of the Acetyl. 


No of sample 

Slight 

browning 

Sublime or 
mist 

First 

droplets 

Completely 

melted 

Froth 

27 



111 

— 

200 

25 





190 

24 



100 

mSM 

150 


TABLE VIII 


The Melting Point of the Acetyl in Open-Ring Form. 


No of sample 

Slight 

browning 

Sublime or 
mist 

First 

droplets 

Completely 

melted 

Froth 

8 



150 

— 

174 

35 





155 

11 


1 

146 


216 
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TABLE IX 

The Melting Point of the Ureide. 


No of sample 

Slight 

browning 

Sublime or 
mist 

First 

droplets 

Completely 

melted 

Froth 

21 




225 

225 


SUMMARY. 

The most important physical and chemical properties of thyroxin 
may be summarized as follows. 

1. Thyroxin is a colorless, odorless, crystallme substance, in- 
soluble in aqueous solutions of all acids including carbonic. It is 
soluble in sodium, ammonium, and potassium hydroxides, and is 
very slightly soluble in sodium and potassium carbonate. Besides 
forming salts with metals, thyroxin also forms salts with acids. 

2. The iodine content of thyroxm and the lodme content of the 
sulfate salt were found to be 65 and 60 per cent respectively. This 
established the molecular weight of 585. Ultimate analysis and 
a study of the derivatives of thyroxin show the structural formula 
to be 4, 5, 6 tri-hydro-4, 5, 6 tri-iodo,-2 oxy,-beta indolepropiomc 
acid. 

3. In the presence of alkah metal hydroxides, thyroxin forms 
di-basic salts through the carboxyl and hydroxy groups. In the 
presence of carbonates, thyroxin forms mono-basic salts with the 
carboxyl group alone. The immo group forms salts with mineral 
and formic acids but not with acetic. The salts of mineral acids 
are soluble m alcohol, but no acid salt of thyroxin is appreciably 
soluble in water. Thyroxin forms derivatives through the immo 
nitrogen, such as the acetyl and ureide, and through its carboxyl 
and hydroxy groups, such as the dimethyl derivative. 

4. Thyroxin exists m four distinct forms* (1) The keto form 
with the immo carbonyl groups, meltmg point 250°; (2) the enol 
form in which the hydrogen migrates from the imino to the car- 
bonyl formmg the hydroxy group, meltmg pomt 204°; (3) an open- 
ring form m which the elements of water enter the molecule 
between the imino and carbonyl groups formmg an open-ring 
structure with amino and carboxyl groups, which exist in salt 
formation, called the amino carboxyl salt form, meltmg pomt 225°, 
and (4) a tautomeric form of this m which the elements of water 
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add to the nitrogen making the amino hydrate form, melting 
point 216°. If an acid is added to an enol form of thyroxin, the 
rmg opens and the acid forms an ammo-acid salt. The reason 
why weak organic acids including carbonic can add to the nitrogen 
of thyroxin-formmg amino salts is because the rmg is unstable in 
neutral aqueous solutions and the nitrogen tends to exist m the 
pentad state adding either the elements of water and foiming an 
ammo hydrate, or adding a carboxyl and forming an amino salt. 
These reactions could occur only with a strongly basic group. 
The ammo group of analine and the imino group of indole or isatin 
are too feebly basic to react the same as thyroxin with weak 
organic acids. 

5. Thyroxin is not easily oxidized or reduced, but will yield to 
both oxidation and reduction if sufficiently strong agents are used. 

6. In alkaline solutions the lodme is broken off from the thyroxm 
molecule not as free iodme but as hypoiodous acid. This re- 
action is accelerated by sunlight. Sunlight also produces pink 
color compounds from the colorless thyroxin molecule. 
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CARBONIC ACID AND CARBONATES IN COW’S MILK. 

By LUCIUS L VAN SLYKE and JOHN C BAKEE 

{From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva ) 

(Received for publication, July 26, 1919 ) 

The amount of carbonic acid present in cow’s rmllr has been 
the subject of several investigations The results reported by 
these investigators vary from 1 84 to 7.65 per cent of CO2 by 
volume. It IS not necessary to review the methods which have 
been employed to obtain the CO2 from milk for measurement 
farther than to say that they have varied from extraction by 
means of a vacuum pump to expulsion by heat and have been 
more or less open to inaccuracy; nor is it important to consider 
previous methods used in measuring the amount of CO2. 

The results of our work are presented under the following 
divisions* (I) determination of CO2 m milk, (II) relation of 
pasteurized milk to CO2; (III) the form in which CO2 exists m 
milk; (IV) the tension of CO2 in milk. 

I. Determination of CO2 in Milk. 

In measuring the amount of GO2 in milk, we have used Van 
Slyke’s method®-’ in the determination of CO2 m blood plasma, 
with certain modifications required to adapt the method to con- 
ditions present m milk. 

^ Hoppe, F , Virchows Arch, path, Anat u Physiol , 1869, xvu, 417 

® Setschenow, Z ration. Med , 1861, x, 285 

® Pfluger, E , Arch ges Physiol , 1869, 11 , 166 

* Thorner, W , Chem Z , 1894, xviii, 1845 

®Maishall, C E , Michigan Agnc Exp Station, Special Bull No 16 , 
1902 

® Van Slyke, D D , J Biol Chem , 1917, xxx, 347 

’’ Van Slyke, D D , and Cullen, G E , J Biol Chem , 1917, xxx, 291 
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Our method of procedure will be described under the five heads 
following: (1) drawing milk from cow’s udder; (2) sampling the 
milk drawn; (3) determination of CO 2 ; (4) results obtained with 
different milks, (5) determination of CO 2 m milk by exhaustion, 

1 . Method of Drawing Milk . — In order to prevent loss of CO 2 , 
it is of primary importance to have under complete control the 
method of drawing from the cow’s udder the sample of milk in 
which CO 2 IS to be measured. We have found the following 
method satisfactory: A silver milking-tube is inserted into the 
teat and the milk flows readily from the udder through this tube. 
To prevent the milk from coming into contact with the air, it 
IS collected in a 100 cc. cylinder provided with a close fitting 
two-hole rubber stopper. Through one hole passes a glass tube 
extending to the bottom of the cylinder, and this tube is con- 
nected at its upper end by rubber tubing with the milkmg-tube. 
Passing through the second hole of the rubber stopper is a short 
glass tube which serves as an outlet for the air in the cylinder 
while it IS being filled with milk. With this arrangement, the 
milk flows slowly and quietly into the cylinder without exposure 
to the air. The cylinder fills from the bottom upward, dis- 
placing the air until the milk fills the cylinder completely or even 
to slight overflowing. If desired, the surface of the milk can be 
protected from the air by a layer of thin parafl&n oil but we have 
not found this necessary. 

Taking Sample for CO 2 Determination — It is essential that 
the samples for the determination of CO 2 be taken from the 
cyhnder as soon as practicable after the milk is drawn from the 
udder, because, on standing, the rising of the fat-globules to the 
surface changes the composition of the different layers of milk, 
and also there may be diffusion of the CO 2 from the upper sur- 
face if the top of the cylinder is not entirely filled with milk 
The best method of taking the sample from the cyhnder is the 
following: One end of a 2 cc. pipette is connected to the tube 
leading to the bottom of the cylmder. Then one blows into the 
short tube, forcing the portion of milk last drawn from the udder 
to flow into the pipette until the milk overflows from the pipette, 
displacing all the air. The sample then passes from the lower 
part of the cyhnder into the pipette without exposure to the air, 
without loss of CO 2 , without being subject to appreciable change 
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of pressure, and without disturbance of the body of the milk 
in the cylinder. It has been found that the portion of milk 
first drawn from the udder and occupying the upper portion of 
the cylinder does not fairly represent the CO2 content of the 
entire milking 

3. Determination of CO ^. — The 2 cc. sample of milk is run into 
the Van Slyke CO2 apparatus. Only slight modifications are 
required in the method as described by Van Slyke We find that 
5 per cent sulfuric acid and other mineral acids coagulate the 
milk and the coagulum interferes with the operation by clogging 
the apparatus, making it difficult to remove the CO2 completely 
from the mixture. Concentration of such acids greater than 5 
per cent was also found unsatisfactory. As the result of numer- 
ous experiments with different acids and concentrations, we find 
that a 20 per cent solution of lactic acid obviates all difficulties 
and meets all requirements, dissolving the casein quickly and 
completely and giving the same corrections as apply to the use 
of 5 per cent suKuiic acid In all our work here reported, the 
amount of CO2 was determined by absorption with a 5 per cent 
solution of NaOH instead of making a correction for inert gases. 
The results are the same by either process. 

4. Results Obtained with Different Milks — In Table I we give 
the results furnished by the examination of twenty-five samples 
of cow’s milk, drawn from the individual quarters of the udder. 
In addition to the amount of CO2 m the milk, we give in each case 
the pH value and also the titration value expressed as cc. of 
alkali required to neutrahze 100 cc of milk to phenolphthalem. 
The results are arranged m the order of the pH values 

A study of the data embodied in Table I leads to the follow- 
ing statements 

1. With the increase of the value of pH, that is, with decrease 
of hydrogen ion concentration, there is a general tendency for 
the CO2 content of the milks to increase and for the degiee of 
acidity, 'as measured by titration, to decrease. This is not so 
marked between the pH values of 6.50 and 6.65 as it is above 
pH 6.65 Below pH 6 65, the CO2 content varies between 7 and 
10 per cent, while above pH 6 65 it increases somewhat uni- 
formly from 12 at pH 6 70 to 86 at pH 7.16. 
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2. The acidity, as measured by titration, varies below pH 
6.65 more or less irregularly between 16 and 20 cc. of 0.1 n alkali 
per 100 cc of milk, while above pH 6.65, the values decrease 
quite uniformly from 16 down to 4 cc. 

3. In comparison with the values obtained by other workers, 
our lowest CO 2 values are about equal to, or higher than, the 
highest values previously reported. Thus, the highest figure 
heretofore published is 7.65 per cent of CO 2 by volume, while 
most of our values range from 8 up to 56 per cent in milks which 

TABISJ I 


Amount of COi in Cow’s Milk 


COi Coor- 
rected) by 
volume 

pH value 

0 1 N alkali re- 
quired to neu- 
tialize 100 cc 
of milk 

GO 2 (corrected) 
by volume 

pH value 

0 1 N alkali re- 
quired to neu- 
tralize 100 cc 
of milk 

per cent 


CC 

per cent 


CC 

8 

6 50 

19 1 

9 

6 62 

17 2 

7 

6 52 

20 0 

10 

6 63 

18 0 

8 

6 53 

18 0 

10 

6 65 

16 6 

10 

6 54 

16 0 

12 

6 70 

15 4 

10 

6 55 

17 2 

12 

6 80 

16 0 

8 

6 55 

18 4 

18 

6 82 

13 0 

11 

6 57 

17 2 

14 

6 86 

14 0 

10 

6 58 

17 8 

22 

6 90 

12 0 

10 

6 58 

16 9 

33 

6 92 

12 0 

10 

6 ,58 

18 4 

24 

7 00 

10 0 

9 

6 60 

IS 2 

56 

7 05 

6 0 

10 

6 61 

16 8 

86 

7 16 

4 0 

10 

6 62 

17.8 





appeared by ordinary inspection to be normal. In the milks 
examined by us which were known to be normal, the value most 
frequently found is about 10 per cent. However, our work has 
not been sufficiently extensive as yet to enable us to indicate 
positively a general average figure or an average range for nor- 
mal milk. 

S. Determination of CO 2 in Milk by Exhaustion . — It was de- 
sirable to ascertain whether it is possible to remove the CO 2 com- 
pletety from milk for determination simply by vacuum exhaustion. 
We have found that this can be done by observing certain pre- 
cautions The milk must be spread out in a thin layer during the 
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exhaustion. We placed 10 cc. of milk of the usual reaction (pH 
6.5 to 6 65) in a 200 cc. separatory funnel and exhausted this for 
2 minutes, turmng the funnel end over end slowly in order to 
spread the milk in a thin layer over the interior surface of the 
funnel as completely as possible. Air was then admitted and 
the exhaustion repeated, after which the determination of CO 2 
in the sample was made.® 

Another portion (100 cc.) of the same mdk was then placed m 
a 200 cc. separatory funnel and mverted. This was exhausted 
for 1 hour without any agitation of the milk, after which the 
amount of CO 2 m the sample was determined. We give the re- 
sults of the two experiments m Table II. 


TABLE II 

Results oj Removal of CO 2 from Milk hy Vacuum Exhaustion. 


Original milk 

After ei-hauation without 
agitation 

After exhaustion with agitation 
in a thin layer. 

pH value 

CO 2 by vol- 
ume 



pH value 

COj by volume. 

6 64 

per cent 

10 

6 57 

per cent 

4 

6 60 

percent 

0 0 

6 86 

14 

6 92 

7 

6 98 

0 0 

6 92 

22 

7 00 

9 

7 06 

0 0 


These results make promment certam points, as follows. 

1. The CO 2 of milk can be completely removed by vacuum 
exhaustion, as shown by the results given m the last column of 
Table II, provided the milk is agitated and kept in a thin layer, 
the amount of milk used bemg small enough to permit control of 
these conditions. If the milk subjected to exhaustion is not agi- 
tated and exposed m a thin layer, the CO 2 is not completely 
removed, as shown by the results given in the fourth column of 
Table II In previous work done by others, m which vacuum 
exhaustion was relied upon to remove the CO 2 from milk, the re- 
moval was incomplete, owing to failure to observe the conditions 
required for complete exhaustion, as m the case of the results 
reported by Setschenow^ and by Marshall.®^ 


* Cullen, G E , J. Biol Chem , 1917, xxx, 369 
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2. The removal of CO 2 from milk results in an increase in the 
value of pH, that is, a decrease in the hydrogen ion concentration 
or, stated m another way, the milk becomes less acid, though to 
an amount that cannot be made appreciable by titration in nor- 
mal milks In the first sample m Table II, the original milk, 
containing 10 per cent by volume of CO 2 has a pH value of 6.54, 
which mcreases to 6.57 when the CO 2 is reduced to 4 per cent, 
and which increases farther to pH 6.60 when the CO 2 is completely 
removed. 

11. Relation of Pasteurised Milk to CO 2 . 

The observation stated in the preceding paragraph led us to 
make a study of some results which we had obtained in another 
mvestigation relating to the effect of pasteurization upon the re- 
action of milk. We had noticed that pasteurization, if properly 
performed, is without observable effect in changing the hydrogen 
ion concentration of milk. Our experunent was repeated with 
the modification that the CO 2 was completely removed from the 
milk by exhaustion before heating. The two experiments gave 
results as recorded in Table III 

TABLE ni 


Effect of Removal of CO2 on Reaction of Pasteurized Milk. 


Before removal of CO 2 

1 After removal of COs 

Before heating 

After heating at BS'C 
for 15 mm 

Before heating 

After heating at 63°C. 
for 15 mm 

pH value 

COsby 

volume 

pH value 

COsby ! 
volume 

pH value 

COjby 

volume 

pH value 

COiby 

volume 

6 54 

per cent 
10 j 

6 64 

per cent \ 

2 

6 60 

per cent 

0 

6 66 

per cent 

0 


In studying the results of these two experiments, we notice : 

1, In the milk m which CO 2 is not removed before heatmg,^ 
the pH value remains the same before and after heating, even 
though the per cent of CO 2 is decreased by the heating from 10 
to 2 per cent. 

2, In .the milk in which CO 2 is completely removed by ex- 
haustion before heating, the pH value decreases from 6.60 to 
6.56, that is, the hydrogen ion concentration increases appreciably. 
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3 . We have not yet carried our work far enough to furnish an 
explanation of the fact npted, but the inference appears justified 
that some chemical change occurs in the milk during pasteur- 
ization which results in an increase of hydrogen ion concentra- 
tion, when CO2 IS absent, but that in the presence of CO2 any 
change m the hydrogen ion concentration is, in some way not 
yet known, masked or offset by the loss of CO2 which escapes 
from the milk during heating. 

4 . The decrease of CO2 in pasteurized milk suggests that the 
CO2 content of mdk might be made the basis of a method for dis- 
tinguishing pasteurized from normal milk. We are doing ad- 
ditional work m order to determine the limits of effectiveness of 
such a method. 


III. Form in which CO2 Exists in Milk. 


It has been generally assumed that CO2 exists m milk as un- 
combmed carbonic acid. From the fact that the reaction of 
milk is less acid than that given by a correspondmg solution of 
CO2 in water, it appears probable that the CO2 m milk is present 
in part as carbonic acid and in part as bicarbonate. To deter- 
mine the proportion of CO2 existing m milk as carbonic acid and 
as bicarbonate, two methods are available; ( 1 ) by calculation 
based on the application of the law of mass action, and ( 2 ) by 
direct determination The results obtained by either of these 
methods can be regarded as only approximate, owmg to the high 
dilution of CO2 in milk. 

1 . Calculation Based on Application of the Law of Mass Action . — 
In a solution contaming H2CO3 and RHCO3, there exist m 
accordance with the law of mass action definite quantitative 
relations between the hydrogen ion concentiation of the solution 
and the relative amounts of H2CO3. These relations are ex- 
pressed by the following equations 


Ch=K 


H2CO3 

C63 


= K 


H3CO3 

orRHCOs’ 


m which a is the degree of dissociation of RHCO3 mto R+ and 
HC63, and K is the ionization constant of H2CO3. From the fore- 
H CO C 

going, we have Therefore, to determine the ratiO' 

JrtxlUUa R 
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between bicarbonate and carbonic acid, we need only to know 
the values of K, Ch, and a for RHCOs (as NaHCOg). According 
to Miehaelis and Rona,^ K equals 4.4 X 10“’, the Ch value of 
average milk is about 0.25X10"®; the value of a is difficult to 
determine with more than an approximate degree of accuracy 
under the conditions present in milk, but by a method similar to 
that of Michaehs and Rona, we obtam a value which makes 
the ionization of the bicarbonate m mdk about 80 per cent. 


Applying these values m the equation. 


HaCOa 

RHCOa 


aCn 

K 


we have 


0.80 X 0.25 X 10-« 
4.4 X 10“’ 


22 


This result means that the CO2 exists 


m milk in approximately the relation of one part of H2CO3 for 
two parts of bicarbonate, or that one-third of the CO2 exists as 
H2CO3 and two-thirds as bicarbonate. 

Pro'porUon of Bicarhonate Acid and Bicarbonate Determined 
by Experiment — The second method of ascertaining the pro- 
portion of CO2 in milk present as carbonic acid and bicarbonate 
is based on the isohydric prmciple. A solution of carbonate con- 
tammg a molecular concentration equal to that of milk would, if 
adjusted to the same hydrogen ion concentration, have approx- 
imately the same relative proportions of carbonic acid and bi- 
carbonate. Milk is approximately a 0.01 n solution of H2CO3. 
In carrymg out the details of our experiment, we dilute 10 cc 
of a 0.1 N solution of NaaCOs to 100 cc. with water free from CO2. 
Then we add a solution of 0.1 n HCl until the reaction is the same 
as that commonly found in milk (Ch, 0.25X10“®). This re- 
quires 6.6 cc. of the acid. Of the 6.6 cc. of the 0.1 n HCl thus 
required 5 cc. are used to change Na^COs into NaHCOs, leav- 
mg 1.6 cc. of 0.1 N HCl to act upon the NaHCOs and form H2CO3. 
In changmg the 100 cc. of 0.01 n Na2C03 solution into NaHC03, 
the resultmg 100 cc. of 0.01 n NaHCOs has only one-half the 
neutralizing power of the Na^COs solution Therefore, 1.6 cc 
of 0.1 N HCl neutralizes 3.2 cc. of the 100 cc of 0 01 n NaHCOs 
solution, forming 32 cc, of 0 01 n H 2CO3 and leaving 68 cc. of 
0.01 N NaHC03 These results furnish the ratio, 32 H2CO3 68 
NaHCOa, or, approximately, the ratio of 1.2; that is, one-third 


® Michaelis, L , and Rona, P , Biochem Z , 1914, Ixvii, 182 
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part of the CO 2 exists m the solution as H 2 C 0 -J and two-thirds as 
NaHCOsj a result which is m close agreement with that obtained 
by application of the law of mass action. 

In this connection it is mterestmg to note that Marshall® 
states that CO 2 is not completely removed from milk by his 
method of vacuum exhaustion, owing, as he seems to think, to 
a slow generation of CO 2 in the milk. This is readily explamed 
by the presence of bicarbonate in milk, which gradually gives 
up its CO 2 under reduced pressure as a result of the reaction of 
bicarbonate with some of the salts contained m milk. 

IV. The COn Tension in Milk 

The CO 2 tension in milk is about the same as m most fluids of 
the animal body. Using McClendon’s charts® we find by extra- 
polation of values that the CO 2 tension at 20°C of a 0.01 n sol- 
ution, pH 6.6, IS approximately equal to 50 to 55 mm of mercury. 
It is a matter of mterest to notice that the CO 2 tension of blood 
under the conditions is given by him as 47 mm. Comparmg this 
with the value for milk, one would expect a lower value in blood, 
because the latter is exposed to air in the lungs and, therefore, 
subject to loss of CO 2 by removal. 

SUMMABY. 

1. Milk is drawn from the cow’s udder mto a 100 cc. cylinder 
so as to fin the cylinder from the bottom upward, thus avoiding 
mixture with air or loss of CO 2 . For the determination of CO 2 , 
2 cc. of milk are forced from the cylinder mto the Van Slyke 
CO 2 apparatus without loss of CO 2 . A 20 per cent solution of 
lactic acid is used to free the CO 2 in carbonates 

2. In the case of twenty-five samples of milk drawn from sep- 
arate quarters of the udder, the CO 2 varies from 7 per cent by 
volume to 86 per cent, the pH value vanes from 6 50 to 7.16, in a 
general way mcreasmg with the CO 2 content, the degree of acidity, 
as measured by titration, tends to decrease with increase of C 02 ' 
content. In comparison with the results of other workers, the 
results obtained by us are higher. The CO 2 content of noimal 
milk appears to be about 10 per cent by volume. 

McClendon, J. F , Biol Chem , 1917, xxx, 274. 
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3. It IS possible to remove CO 2 from milk completely by 
vacuum exhaustion provided the milk is spread in a thin layer 
and kept m motion 

4. When milk is pasteurized, the CO 2 content is decreased, 
but the pH value remams unchanged. However, if the CO 2 is 
completely removed before pasteurization, then the pH value 
appears to decrease shghtly after pasteurization 

5. CO2 exists in milk as H2CO3 and as bicarbonate, probably 
NaHCOg, the ratio being about one part of H2CO3 and two parts 
of NaHCOs. 

6. The CO 2 tension m milk is calculated to be about equal to 
50 to 55 mm. of mercury at 20°C. in case of a 0.01 n solution with 
a pH value of 6.60. 



CONDITIONS CAUSING VARIATION IN THE REACTION 
OF FRESHLY-DRAWN MILK. 

By LUCIUS L VAN SLYKE and JOHN C BAKER 

(From the Chemical Laboratory of the New York Agricultural Experiment 

Station, Geneva.) 

(Received for publication, July 26, 1919 ) 

The most sensitive method of measuring the reaction of milk 
is by measurement of the hydrogen ion concentration. This 
method has been employed by several investigators’^''^ m connec- 
tion with the study of milk and it has been utihzed in the work 
here presented. 

The results of previous investigations show cow’s milk, when 
freshly drawn, to have a reaction, expressed in terms of pH values, 
varying from 6.39 to 6.81, the range in most cases being between 
6 50 and 6.65. 

It appeared to us desirable to ascertain the extent of variation 
in large numbers of milks obtamed directly from cows and to learn 
further, if possible, the causes of such differences. The results 
of bur work will be discussed under the following headings: (Ij 
Extent of variation of reaction in cow’s milk, (2) variation m dif- 
ferent quarters of the udder, (3) relation of reaction of milk to 
composition, (4) effect of abnormal conditions in the udder. 

Extent of Vanation of Reaction in Cow’s Milk. 

In undertaking to establish m our own experience the extent to 
which the reaction of fresh milk varies, we measured the hydrogen 
ion concentration in over 300 samples obtamed from two herds of 

1 van Dam, W., Rev g4n Lait, 1908, vu, 121. 

2 Allemann, 0., Biochem Z., 1912, Ixv, 346 

® Taylor, H. B , J" Proc Roy Soc N. S Wales, 1913, Ixvii, pt 2, 174 

* Davidsohn, H , Z. Kinderheilk , 1913, ix, 14 

'® Clark, W M., J. Med Research, 1914^15, xxxi, 431 

® Milroy, T H , Pharmacol J , 1914, xciii, 350 

^ Foa, C , Compt rend Soc biol , 1904, hx, 51 
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cows; one was a herd of Jerseys and the other of Holstem-Fnesians, 
The samples used in our work were drawn separately from the in- 
dividual quarters of the udder and the reaction was determined 
m each. In obtaining the samples, the first few streams of milk 
were thrown away and then enough more was drawn for use m 
our experiments. The results do not, therefore, represent the com- 
plete milking of the entire udder but only the foremilk of each 
quarter of the udder. The use of milk from individual quarters 
of the udder gives a greater variation m results than would be 
found if we used only samples representing the mixed milk of a 
complete milking of the entire udder. The use of the foremilk 
is very convement for oui’ purpose and is justifiable, smce in our 
experience the reaction rarely changes appreciably in normal rmlkw 
m portions successively drawn during milking, provided there is 
no excessive disturbance of the udder 
In Table I we give summarized results of our work with over 
300 samples of milk, the reaction being stated m terms of pH 
values. 


TABLE I 




pH 6 60 to 6 60 

pH 6 60 to 6 68 

pH 6 68 to 6 76 

pH 6 76 to 6 84 

cq 

a> 

CO 

o 

CD 

w 

a 

O 

O 

0 

cq 

e» 

CO 

w 

a 

pH 7 00 to 7 20 

Total 
number 
of sam- 
ples 

Herd 1 

Number of samples 

78 

35 

23 

7 

6 


2 

153 


Per cent of total 

61 

22 9 

15 

4 6 

3 9 


1 3 

— 

Herd 2 

Number of samples 

61 

32 

27 

15 

9 

6 

5 

155 


Per cent of total 

39 4 

■ 

17 4 

9 7 

5 8 

m 

3 2 

— 


The samples of milk from the two herds of cows show qmte as 
wide a range of hydrogen ion concentration as we have found in 
our entire experience up to the present tune, working with a great 
variety of milks, though it is probable that somewhat wider vari- 
ations may occur. Our results mdicate that the reaction of fresh 
normal milk, expressed in terms of pH values, lies between 6.50 
and 6.75 or 6.80. In Herd 1, 136 samples, or nearly 90 per cent 
of all the samples, and m Herd 2, 120 samples, or over 77 per 
cent, are below pH 6.76, that is, an average of 83 per cent of aU 
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the samples examined for these two herds. These figures are m 
agreement with results previously pubhshed, except that we find 
a small proportion of milks which are less acid, the pH values 
reaching as high as 7 2 We usually find that milks of such ab- 
normally low acidity are sufficiently normal m appearance to pass 
the ordinary methods of market inspection when mixed in the 
commercial supply with other nulks that are normal. The wide 
range of values obtained by us is doubtless due to the fact that 
the samples of milk used m our work represent individual quarters 
of the udder and not the complete mixed milk drawn from the 
entire udder at one milkmg. The mixed milk of a herd shows 
still smaller variation than that from single cows. 

VanaUon of the Reaction of Milk in Different Quarters of the Udder. 

It is a matter of mterest to show at this point to what extent 
mfik drawn from different quarters of a cow’s udder may vary in 
reaction. In Table II we give results obtained with twenty cows. 
The hydrogen ion concentration in these samples was determined 
approximately by means of brom-cresol purple used as an indi- 
cator, as described on page 364 . The results are given m two forms. 
The range of pH values from 6.50 to values above 7 is divided into 
seven groups, indicated by number, and after each such group 
number there is given m parenthesis the corresponding range of 
specific values. 

A study of the tabulated data suggests the followmg pomts of 
interest. 

1. The reaction found to be the more common is that show- 
ing the higher acidity. Out of the 80 samples of milk drawn from 
the quarters of the udders of the twenty cows used m the work, 
39, or nearly 50 per cent, are m Group 1, showing the highest 
acid reaction (pH 6 50 to 6.60) , 21, or over 26 per cent, are in 
Group 2 (pH 6.60 to 6.68) ; 14, or over 17 per cent, are m Group 
3 (pH 6.68 to 6.76), these three groups contain 92.5 per cent of 
the total. Group 4 (pH 6.76 to 6 84) contains three samples, 
while the least acid groups, 5, 6, and 7, contam only one sample 
each. 

2. These results indicate that the hydrogen ion concentration 
of normal mixed milk, when fresh, is that representing the most 
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acid reaction found by us (pH 6.50 to 6.60), the variations being 
in the direction of decreased acidity. 

3. Comparing the diiferent quarters of the udder in individual 
cows, we find that there are only four (Nos 16, 19, 20, 14) m which 
the reaction is the same in all quarters, and in these cases the re- 

TABLE II 


Results Showing Variation in Reaction of Milk Drawn fiom Different 
Quaiters of Udder. 


Cow No 

Quarter of udder 

Right front 

Left front 

Right hind 

Left hmd 

Group 

pH 

Group 

pH 

Group 

pH 

Group 

pH 

16 

1 

(6 




(6 

50-6 

60) 

1 

(6 

50-6 

60) 

1 

(6 

50-6 

60) 

19 

1 


i 

nn 



i 

t 

1 


t 

i 

1 


t 

t 

20 ' 

1 


{ 




< 

t 

1 


( 

tt 

1 


t 

t 

14 

2 

(6 

60-6 



(6 

60-6 

68) 

2 

(6 

60-6 

68) 

2 

(6 

60-6 

68) 

2 

2 


< 

< 


(6 

50-6 

60) 

1 

(6 

50-6 

60) 

1 

(6 

50-6 

60) 

13 

1 

(6 


m 

2 

(6 

60-6 

68) 

1 


tt 

it 

1 


t 

tt 

15 

1 


( 

it 

3 

(6 

68-6 

76) 

1 


It 

a 

1 


tt 

tt 

10 

3 

(6 

68-6 

76) 

2 

(6 

60-6 

68) 

2 

(6 

60-6 

68) 

2 

(6 

60-6 

68) 

12 

5 

(6 

84r-6 

92) 

3 

(6 

68-6 

76) 

3 

(6 

68-6 

76) 

3 

(6 

68-6 

76) 

1 

2 

(6 

filial 

68) 

2 

(6 

60-6 

68) 

1 

(6 

50-6 

60) 

1 

(6 

50-6 

60) 

5 

2 


it 

it 


(6 

50-6 

60) 

1 


U » 

tt 

2 

(6 

60-6 

68) 

9 

3 

(6 

68-6 

76; 


(6 

68-C 

76) 

1 


it 

tt 

1 

(6 

50-6 

60) 

4 

1 

(6 


m 


(6 

50-6 

60) 

2 

(6 

60-6 

68) 

3 

(6 

68-6 

76) 

8 

2 

(6 


68) 

2 

(6 

60-6 

68) 

1 

(6 

50-6 

60) 

3 

(6 

68-6 

76) 

6 

2 


<i 

tt 

3 

(6 

68-6 

76) 

1 


C< 

tt 

2 

(6 

60-6 

68) 

17 

3 

(6 

68-6 

76) 

2 

(6 

60-6 

68) 

3 

(6 

68-6 

76) 

1 

(6 

50-6 

60) 

11 

4 

(6 

76-6 

84) 


(6 

50-6 

60) 

3 

(6 

68-6 

76) 

1 


tt 

tt 

18 

1 

(6 

50-6 

m 



tt 

it 

4 

(6 

76-6 

84) 

3 

(6 

68-6 

76) 

7 

2 

(6 

60-6 

68) 



tf 

tf 

1 

(6 

50-6 

60) 

6 

(6 

92-7 

00) 

3 

1 

(6 

50-6 



(6 

60-6 

68) 

7 

(7 

00-7 

20) 

4 

(6 

76-6 

84) 


action is that of the most acid groups, 1 and 2 In another ex- 
amination of the same twenty cows, ten individuals were found 
to give a unifoim reaction m the milk from all quaiters, eight 
showmg pH 6.50 to 6 60 and two, pH 6.60 to 6.68 In Table II 
the milk of only five animals (Nos. 12, 11, 18, 7, 3) departs 
markedly from the normal reaction, and m these cases the ab- 
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nonnal condition appears in only six of the twenty individual 
quarters. 

4. While it IS not the purpose of this article to discuss in detail 
the causes of these observed variations in reaction in the 
from the different quarters of the udder, we may state in passmg 
that such variations must be due to some physiological condition 
of the animal, either a specific bacterial infection of the udder or 
a more general constitutional condition, such as variation in 
base and acid relations in the blood stream. 

Relation of the Reaction of Milk to Composition. 

Attention has been called to the fact that the reaction most 
commonly prevalent m freshly-drawn milk is the one that is most 
acid, and that the variation is all m the direction of decreased 
acidity, and, further, that the number of samples m which the 
acidity decreases is found to fall off rapidly with the greater de- 
crease of acidity. 

It was desired to ascertain, if possible, some of the conditions 
under which decrease of acidity occurs. Our attention was first 
turned to a study of possible relations that might exist between 
changes in reaction and 'changes in composition of milk. We 
made analyses of several samples of freshly-drawn milk in the case 
of cows which had previously been found to give milk varying 
noticeably m reaction from normal Each sample of milk was 
drawn from one quarter of the udder, the entue contents being 
drawn, except in certain cases to which attention is called. All 
the samples were from cows whose milk was going into the local 
market supply. There was nothing abnormal that was observe 
able in the appearance of the milk or of the cows, except that the 
milk with the least acid reaction had the chaiactenstic bluish ap- 
pearance of what we commonly call “thin” or “poor” milk. 

The results are given in Table III, the analyses being arranged 
in the order of pH values, beginning with the most acid. 

An examination of the data in Table III suggests that theie are 
certain points of correspondence between the reaction of milk and 
the composition 

We observe that, with a deciease of acidity, there is a marked 
tendency toward a decrease m the specific gravity and in the per- 
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centage of total solids, fat, solids-not-fat, casein, and sugar; but, 
on the other hand, an increase in albumin and proteins other than 
casein, and in the ash and also in the chlorine. There is, further, 
as we have shown in another article (p 338) an increase in CO 2 
content with decrease of acidity 

TABLE III 


Results Shomng Reaction of Milk in Relation to Composition. 


tow No 

pH 

value 

Total 

solids 

Fat 

Total 

pro- 

teins 

Casein 

Pro- 

teins 

other 

than 

casern 

Sugar 

Ash 

Chlor- 

ine 

Specific 

gravity 




per cent 



m 




per 

cent 

per 

cent 

per 

cent 

per 

cent 



1 

6 

53 

12 

81 

4 

50 

3 

21 

2 

55 

0 

66 

4 

60 


70 

0 

09 

D 

029 

2 

6 

56 

12 

m 

3 

60 

3 

32 

2 

56 


76 

4 

60 

E 

65 

0 

12 

I! 

031 

3 

6 

58 

14 

57 

5 

40 

3 

60 

2 

75 


85 

5 

10 

0 

72 

0 

10 

II 

032 

4* 

6 

60 

13 


3 

80 

3 

31 

2 

62 


69 

5 

20 

0 

69 

0 

11 

D 

030 

5 

6 

70 

12 

i 

3 

60 

3 

21 

2 

50 

0 

71 

4 

40 

0 

86 

0 

13 

1 

030 

6t 

6 

80 

13 

29 

4 

30 

4 

49 

2 

84 

1 


3 

70 

0 

71 

0 

14 


028 

7 

6 

85 

13 

74 

5 

40 

3 

00 

2 

20 



4 

50 

0 

81 

0 

14 


030 

8 

6 

91 

9 

41 

1 

20 

3 

02 

2 

05 

0 

97 

4 

16 

0 

79 

0 

14 


030 

9 

6 

95 


58 

2 

40 

3 

14 

2 

05 

1 


3 

80 

0 

83 

0 

16 


030 

10 

6 

96 


48 

3 

40 

2 

45 

1 

69 

B 

76 

3 

80 

0 

83 

0 

14 


026 

11 

6 

98 


41 

2 

80 

2 

80 

1 

79 

D 


4 

00 

0 

81 

0 

15 


027 

12t 

7 


12 

42 

5 

65 

2 

73 

1 

63 

1 


3 

20 

0 

84 

0 

18 


022 

13, 
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E 

97 

3 

70 

0 

84 

0 

16 
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7 


8 

.'85 
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80 

2 

64 

1 

50 

1 

14 

2 

60 
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91 

0 

22 

1 

021 

15 

7 

15 

9 

13 

2 

10 

3 

14 

1 

71 

1 

43 

3 

00 

0 

89 

l] 

21 

1 

026 


*The sample was the last portion of milk drawn from the udder 
(strippings). 

t The sample was from a cow m the last stage of lactation, being nearly 
“dry » 

t The sample was from a cow j list beginning the period of lactation, or 
“fresh in milk ” 


These findings raise the question as to whether there is any 
reason for the correspondence existing between the observed 
changes in reaction and composition. These changes are such 
as would be expected, if we were to add blood-serum or lymph to 
normal milk and they are also m agreement with the results re- 
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ported by others®-^® who have worked with milk from diseased 
udders, though our samples were from udders which were ap- 
parently m normal condition. 

This phase of the question brings us to a consideration of ab- 
normal conditions of the udder in relation to the reaction of milk. 

The Reaction of Milk in Relation to the Presence of Leucocytes and 
Bacteria in the Udder. 

• 

All the samples of milks used by us were from udderswhieh were 
apparently in a condition of nonnal health under casual obser- 
vation; but a special examination of those samples (Table III) 
showing a reaction indicated by pH values above 6.70 was made 
for leucocytes and streptococci. For the work done in makmg 
these examinations, we are under obligation to Miss Mildred C. 
Davis, City Bacteriologist of Geneva. Use was made of Ereed’s^^ 
method of direct-counting in the milk. The results of the work 
are given in Table IV. 

The results m Table IV mdicate m a general way that decreased 
acidity m fresh mUk is related to mfection of the udder. Decrease 
of acidity is shown to be associated with mcrease of leucocytes, 
provided acid-producmg streptococci are not present in sufficient 
numbers to neutralize such effect. Thus, in No. 7, we have a 
milk not far from normal m reaction, even though it contains a 
large number of leucocytes (20 million per cc.), a number which m 
Samples 14 and 15 gives a marked relative decrease in acid reaction; 
but this condition m No. 7 appears to be accounted for by the 
relatively large number of acid-producmg streptococci (1 milhon 
per cc.), the acid produced offsettmg the decrease of acidity 
caused by leucocytes. 

* Storch, V , Jahresb. Thierckem., 1884, xiv, 170; 1889, xix, 157 

® Hoyberg, H M , Z Fleisch -it. Milchhyg , 1911, xxi, 1 
Fetzer, L W , Eighth Inteinat. Cong Applied Chem , 1912, xix, 111 
Chr6tien, M , Hyg viande et lout, 1912, vi, 382 

1® Allemann, 0 , MilJemrtsch. Centr , 1915, xliv, 122 

1® Zanbmcky, F., Arch, mssensch u prakt tierheilk , 1913-14, xl, 355 

“ Henderson, J B , and Meston, L. A , Chem. News, 1914, ex, 275, 283, 
1915, CXI, 51. 

i« Bahr, L , Z Fleisch -m Milchhyg., 1913-14, xxiv, 251, 288, 370, 398, 472. 

1® Foa, C , Compt. rend Soc hiol , 1905, hx, 51 

11 Breed, R S., New York Agric Exp Station, Techn Bull. 40, 1916 
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TABLE IV 


Relation of Leucocytes and Streptococci to the Reaction of Milk 


Cow No 

pH value 

No of leucocytes per cc 

No of streptococci per cc 



millions 

millions 

6 

6 80 

1 

0 1 

7 

6 85 

20 

1 0 

8 

6 91 

3 

Small number 

9 

6 95 

5 

U U 

10 ‘ 

6 96 

10 

u 

11 

6 98 

8 4 

u cc 

12 

7 00 

4 

0 2 

13 

7 04 

3 

Small number 

14 

7 06 

20 

0 5 

15 

7 15 

21 

0 3 


A further study was made of five samples of milk m which the 
approximate pH value was determined by means of brom-cresol 
purple used as an indicator, the microscopic examination for 
leucocytes and streptococci bemg made by Miss Davis. The 
results are given in Table V. 


TABLE V 

Results of Examination of Milk for Leucocytes and Streptococci 


Sample 

No 

Approxi- 
mate pH 
value 

Cells 

Acid production 

1 

6 68-6 76 

Many leuoocytes Strep- 
tococci, mnumerable and 
in clumps at bottom of 
tube 

Maiked acid production 
by clumps at bottom of 
tube within 1 hour after 
milking 

2 

6 72-6 80 

5 million leucocytes pei cc 
Streptococci, mnumei- 
able, separate, and in 
clumps 

Marked acid pioduction by 
clumps at bottom of tube 
within 30 minutes after 
milking 

3 

6 76-6 84 

Many leucocytes Strep- 
tococci, innumerable, 
sepal ate, and m clumps 
at bottom of tube 

Maiked acid pioduction by 
clumps at bottom of tube 
within 30 minutes after 
milking 

4 


Leucocytes, mnumerable, 
few atiepto cocci 

No acid production ap- 
parent 

5 


Leucocytes, innumerable, 
few stieptococci. 

No acid pioduction ap- 
parent 
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Summarizing the results embodied m Table V, we notice 

1 In Samples 4 and 5, containing innumerable leucocytes and 
showing evidence of the presence of garget, there were few strep- 
tococci and the acidity was lowest. On standing a few^ hours, 
these samples furnished no evidence of inciease of acidity. 

2 In Samples 1, 2, and 3, which were the more acid ones, there 
were immense numbers of streptococci, especially m clumps, 
and while there were also many leucocytes, there was an increase 
of acidity within a very short tune after the milk was drawn from 
the udder. 

3. It appears highly probable that the greater acidity m the 
milks containing enormous numbers of streptococci is due to the 
formation of acid by these organisms, especially m view of the 
fact that milk from diseased udders, containing large numbers of 
leucocytes with few streptococci, shows the lowest degree of 
acidity found m fresh milk In other words, w^e find milks that 
contain large numbers of leucocytes and are abnormally low in 
acidity when streptococci are present m only small numbers or 
entirely absent usually show appreciably higher acidity when 
streptococci are present m large numbers. 

A Suggested Explanation of the Decreased Acidity in Abnormal Milks. 

We have already stated that the correspondence existing be- 
tween the observed changes in reaction and composition of milk 
may be accounted for on the supposition that the change in the 
direction of decreased acidity is due to the piesence of blood- 
serum or lymph. Decrease of acidity m fresh milk is observed 
m case of diseased uddeis and may, therefore, be due to the direct 
filtration of blood-serum or lymph into the Imnen of the alveoli 
without transfoimation by the gland cells oi through lesions caused 
by bacterial activity. 1 his view haimomzes with several facts. 

(1) It IS m harmony with the changes in composition of the milk, 

(2) it IS in agreement with the hydiogen ion concentiation shown 
by normal milk (pH 6 50 to 6.60), and that shown by blood-serum 
(about pH 7 60) , (3) it harmonizes with the variation found by 
us m the CO 2 content of milk, noimal milk containing about 10 
per cent by volume and blood-seium, 65 pei cent, and (4) it is in 
agreement with the increasing number of leucocytes found m the 
less acid milks. 
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Further proof of the presence of blood-serum or lymph in most 
of the abnormal milks (pH 6 90 to 7.20) examined by us is the 
existence of fibrm m such samples, as shown by Doane’s method.^ 

Another method of proof was undertaken, which was to ascer- 
tain if glucose IS present m the abnormal milks under discussion 
If serum passes unchanged mto milk, glucose should be present 
in such abnormal samples in appreciable amount. We were, 
however, unable m any case to find the shghtest trace of glucose 
m these abnormal milks. If glucose is absent from the serum 
present in these milks, the glucose in the blood-serum must be 
changed into another compound by some agent present in the 
milk in the udder, which might be udder cells or some enzyme. 
The question calls for further mvestigation. 

The method used by us for the detection of glucose is the fol- 
lowing . Protems are precipitated by 70 per cent alcohol and the 
filtrate evaporated to dryness. This residue is extracted first 
with ether and then with hot 95 per cent alcohol. The alcoholic 
extract is evaporated to dryness and the residue agam extracted 
and the extract evaporated to dryness, after which ihe residue is 
extracted with a small amount of ether. This residue is used foi 
the osazone test. Glucose added to milk can be recovered easily 
by this method. 


SUMMAEY. 

1. The object -of the mvestigation was the study of the extent 
and causes of the variation of the hydrogen ion concentration in 
freshly-drawn cow’s milk. 

2. In the case of over 300 samples of fresh milk, the pH value 
varied from 6.50 to 7.20, being under 6.76 in 80 per cent of the 
samples 

3. In the case of the milk from 20 cows, it was found that the 
pH value of the milk from different quarters of the udder varied 
greatly but m most cases the variations were not large. 

4. The pH value is found W vary with the composition of the 
milk. In general, with a decrease of acidity, there is a marked 
tendency toward a decrease m specific gravity, and m percentage 
of fat, total solids, sohds-not-fat, casein, and lactose, but an m- 
crease in proteins other than casein and in ash and chlorine. 

Doane, C. F., Maryland Agrtc Exp. Station, Bull. 102. 1905. 
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5. These changes m composition are such as would be expected 
in case blood-serum or lymph were added to normal fresh milk. 
Abnormal conditions in the udder might cause such addition. 

6. Examination of milks of abnormally low acidity, having a pH 
value above 6.80, mdicates that the reaction is accompanied by 
the presence of large numbers of leucocytes, though the reaction 
in such cases may be neutralized by the presence of large numbers 
of acid-producmg streptococci. 

7. While the belief in the presence of blood-serum or lymph m 
such milk is supported by several considerations, a careful test for 
glucose proved negative. 




A METHOD FOR THE PRELIMINARY DETECTION OF 
ABNORMAL MILK BASED ON THE HYDROGEN 
ION CONCENTRATION. 

By JOHN C BAKER and LUCIUS L VAN SLYKE 

(From ihe Chemical Laboratory of the New York Agricultural Experiment 
* Station, Geneva ) 

(Received foi publication, October 8, 1919 ) 

INTRODUCTION 

In the official inspection of market milk, the primary object is 
to detect samples that are abnormal m composition as well as m 
sanitary character The full examination of a large number of 
samples for the purpose of detecting an occasional abnormal one 
involves a relatively large amount of inefficiency in attaining the 
object Attempts have been made to minimize the labor of 
inspection by using some quick and simple method which 
would serve the purpose of enabling one to detect suspicious 
samples; and only those samples which showed some evidence 
of abnormality by such preliminary test would be selected for 
further detailed examination in the laboratory, in order to con- 
firm or disprove the suspicion In examining market milk for 
the purpose of quickly identifying abnormal samples, inspectors 
have been limited m their methods to the use of the hydrometer 
or lactometei, except that m some cases the senses of smell, 
taste, and sight could also be employed to advantage The 
determination of the specific gravity of milk has found its chief 
use in enabling one to select samples which appear to give 
evidence of being watered or skimmed It has been repeatedly 
shown that specific gravity as a basis for accurate judgment in 
identifying abnormal milks may be wholly misleading The 
need of a more comprehensive and reliable method has long been 
realized 
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The Relation of Hydrogen Ion Concentration to Normal and 
Abnormal Milks. 

In making a study of the hydrogen ion concentration of freshly- 
drawn milks, normal and abnormal, and also of normal milks 
subjected to various conditions of change, it was found that the 
hydrogen ion concentration is very sensitive to certain conditions, 
among which are (1) production of acid by bacteria, (2) the 
addition of formaldehyde solution, (3) the addition of acids, (4) 
heating above a certain temperature, (5) abnormal or diseased 
milks, (6) addition of water, (7) addition of alkali or alkaline 
salts, (8) removal of fat. The first four conditions increase the 
hydrogen ion concentration, that is, render the reaction of the 
milk more acid than normal, while the other conditions render 
the reaction of the milk less acid than normal. 

It occurred to us that, if it were possible to obtain an indicator 
having a neutral point near that of normal milk and yet showing 
an appreciable color in normal milk, which would be sufficiently 
sensitive to show observable change of color with slight change 
of hydrogen ion concentration, such an indicator might find 
application as the basis of a method to be used for the purpose 
of quickly indicating the probabihty of normality or abnormality 
in a milk. The first suggestion of an indicator meeting these 
conditions came to us in connection with the work published by 
Clark and Lubs^ on “A substitute for litmus for use in milk 
cultures.” They made use of a dye, known as dibrom-ortho- 
cresol-sulfon-phthalein, the name being shortened for convenience 
to “brom-cresol purple.” This dye was found by them to 
possess properties which make it a rehable and brilliant indicator 
for the colorimetric determination of hydrogen ion concentration 
in milk.2 

We first made use of brom-cresol purple in testing its applica- 
bility to the detection of increased acidity in milk when formed 
by bacterial action, and found that it is extremely sensitive in 
comparison with phenolphthalein, which is the indicator in com- 
mon use in titration for the determination of the degree of acidity 

^ Clark, W M., and Luba, H. A , J Agric. Research, 1917, x, 105. 

® This dye can be purchased from Hynson, Wescott, and Dunnmg, 
Baltimore, Md. In ordering this dye the full name should be used. 
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in milk. Further extension of the use of brom-cresol purple 
demonstrated its practicability in detecting other conditions, 
especially those mentioned above. 

OUTLINE OP PBOPOSED METHOD. 

Before describing the detailed operation of the method, we will 
give a brief statement, outlining its main features. The use 
of brom-cresol purple m this application to the preliminary 
detection of abnormal milks consists in adding to one drop of a 
saturated water solution of the dye 3 cc. of milk and then 
observing the color. In the case of average milks that are normal 
in character, such, for example, as good market milk, the color 
IS very uniform, bemg a bluish-gray. In the case of a milk 
giving a color differing appreciably from this, there is ground for 
suspicion that it is not normal The color given by different 
milks may be lighter or darker, ranging from a bright yellow at 
one extreme to a deep blue at the other. The color is made 
lighter hy acids, acid salts, formaldehyde solution, and also hy 
heating above the usual point of pasteurization The color becomes 
deeper blue in the case of milh from diseased udders, watered milk, 
skimmed milk, and milk containing added alkali or an alkaline 
salt 

If a preliminary test with brom-cresol purple gives a color 
lighter than in the case of normal milk, then a sample can be 
taken by the inspector to be used in making a further detailed 
examination in the laboratory for acidity, formaldehyde, and over- 
heating If the color is darker than normal, then a sample is 
taken to ascertain whether the abnormality is due to the addition 
of water, alkaline salts, removal of fat, or to the presence of milk 
from a diseased udder. 

Attention should be called here to some conditions which 
modify the characteristic color given by brom-cresol purple 
solution with average normal milk. 

1 . Effect of High Percentage of Milk-Fat —The presence of extra 
fat, as in the case of rich milks (5 per cent or more) gives an ap- 
preciably lighter color than in the case of the ordinary market 
milks containing 3 to 4 per cent of milk-fat. 
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2. Effect of Hzgh-Colored Milk — In the case of milks produced 
by cows at fresh pasture, the milk has a decided yellow color 
which modifies the color reaction with brom-cresol purple 
S. Effect of the Removal of Milk-Fat — When fat is removed from 
milk, the resulting skim-milk gives with brom-cresol purple a 
darker color than does the same milk before the removal of fat. 

These differences in color are due to the fact the fat-globules 
do not give the same reaction color as normal milk with brom- 
cresol purple and they thus modify by their presence the color 
of the indicator in the milk The fat dissolves some of the dye 
which always appears yellow in the fat. The effect of milk-fat 
upon the reaction color*can b^ readily observed if one notices the 
color at once after mixing the nulk and the solution of brom- 
cresol purple and then again after the fat-globules have risen to 
form a cieam layer at the upper surface It will be seen that 
the color is lighter at the start than it is after the cream has risen 
and, further, that the cream layer shows little or no color. The 
difference is more marked with increase of milk-fat 

OPERATION OP METHOD 

1 Preparation of Indicator 

Brom-cresol purple is ground to a fine powder and dissolved in 
distilled water to saturation, about 0.1 gm. being used for 100 cc 
of watei Saturation can be hastened by heating the mixture on 
a water bath, then cooling to room tempeiature, and filtering 
The saturated solution contains about 0 09 per cent of the dye- 

2 Apparatus. 

The only apparatus required is the following • a burette, test- 
tubes, a pipette, and a test-tube holder 

The burette is used for the purpose of measuring the indicator 
The dehvery is so conti oiled that each drop measures 0 05 cc. 

The test-tubes which we have found most convenient for use in 
making the test are flat-bottomed specimen tubes made of Pyrex 
glass, holding about 8 cc They are about 4 inches long and | 
inch in diametei. It is essential that all the tubes used should 
be uniform in coloi and in thickness of walls 
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We have found it convenient to provide a special holder for 
these tubes, making it easy to compare the color by arranging 
the tubes in a line side by side in close contact without conceal- 
ing any portion of the milk column. 

Ordinary 3 cc pipettes are used for measuring the milk to be 
.used. 


3. Performing the Operation. 

The different steps m carrying out the details of the method 
'Consist of (a) measuring the indicator, (6) measuring the milk, 
(c) observation of the color, and (d) interpretation of the results. 

(а) Measuring the Indicator — The test-tubes are placed in the 
holder with the open end up. The bmette is filled with the 
solution of biom-cresol purple, and the stop-cock so adjusted 
that it delivers drops measuring 0 05 cc at the late of about 
one drop in 2 seconds The test-tubes are placed under the 
burette tip, one by one in turn, exactly one drop being allowed 
for each tube The dehvery is so controlled that each drop falls 
free fiom the burette tip into the test-tube without touching 
the walls of the tube before the drop separates from the burette 
tip This procedure enables one to deliver the same amount 
of indicator into each test-tube with rapidity There are two 
advantages in using only one drop of indicator. The first is the 
minimum dilution of the added milk and the second is that the 
tubes can be carried about without danger of losing the indicator. 

(б) Measuring the Milk Sample — The milk is added to each 
test-tube with a 3 cc pipette and is thoroughly mixed with the 
indicator, which may be convemently done either by shaking the 
tube or by drawing the mixture of milk and indicator into the 
pipette and allowing it to flow back into the test-tube In our 
expel lence the proportion of 3 cc of milk and one drop of brom- 
cresol pill pie solution enables one to observe the shades of color 
to best advantage in most cases, but m some cases we have 
obtained somewhat better results in observing color changes with 
5 cc of milk for one drop of indicator * 

(c) Observation of Color Change — The ability to distinguish 
shades of color in the change of reaction m milk is the chief point 
of difficulty and, therefore, the observation of shades of color 
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constitutes the main source of weakness in its application. The 
method cannot be used successfully by one whose eye is lacking 
in appreciation of different shades of color to such an extent that 
training does not enable one to overcome such deficiency. How- 
ever, in our experience, any person with normal sensitiveness to 
color changes can acquire the ability to observe such changes 
as take place in milk treated with brom-cresol purple solution 
with an accuracy which will make the application of the method 
useful. The fundamental difficulty lies m the lack of a fixed 
color standard which is applicable under all conditions as a basis 
of comparison. In the examination of market milks, it usually 
suffices to assume that a large proportion of the samples is normal 
in reaction and that, therefore, in a collection of numerous samples, 
those which give the same color with the solution of brom-cresol 
purple are generally normal, while those samples which are 
lighter or darker are open to the suspicion of being abnormal in 
some respect and should be further examined by supplementary 
methods. It will be well usually, however, especially for those 
who are unaccustomed to the use of the method, to prepare a 
series of known standardized colors to be used as a basis of com- 
parison in observing the reaction of unknown milks to which the 
test IS applied 

Preparation of the Color Standard — The prepared color standard 
represents approximately certain ranges of hydrogen lon concen- 
tration. Briefiy stated, the preparation of such a standard 
consists in adding increasing amounts of standard alkali to a 
mixture of normal milk and brom-cresol purple solution. The 
preparation of the series of standard colors to be used for com- 
parison is carried out in the following manner. 

{1st) Selection of Milk . — The milk to be used in the preparation 
of the color standard should meet two requirements. First, it 
should have approximately the same general composition as that 
of the milks to be examined, and, second, it should have a normal 
reaction. In respect to composition, usually any normal market 
milk containing between 3 and 4 per cent of fat will be satis- 
factory in the inspection of market milks. When milks contain- 
ing over 4.5 per cent of fat are to be tested, it is well to use for 
t&e color standard a imlk containing about the same percentage 
of fat. In the case of partially skimmed milks, milk with less 



J. C. Baker and L. L. Van Slyke 363 

than the normal percentage of fat should be used The differ- 
ences in color caused by the presence of varying percentages of 
fat can be largely overcome, when necessaiy, by removing the 
cream with a centrifuge from all the milks to be examined, using 
skim-milk in the preparation of the color standard. However, it 
should be stated that the coloi given by skim-milk obtained 
from milk rich in fat may be shghtly different from that given 
by skim-milk obtained from milk poor in fat After one has 
had some experience in studying the effect of different milks 
upon the solution of brom-cresol purple, it will be found that 
the matter of the selection of the milk for making a color standard 
IS simpler than it might appear from the foregoing statements. 

In respect to the reaction, the milk to be used in pieparmg the 
color standard should not have an acidity m excess of an eqmva- 
lent of 18 cc of 0 1 N NaOH per 100 cc. of imlk The determi- 
nation is made by titrating 10 cc of milk without dilution with 
the alkali, using 0 5 cc of a neutralized, alcoholic solution of 
phenolphthalem for indicator - The reaction of the milk to be 
used for the color standard can be furthei tested by adding brom- 
cresol purple solution and comparing the resulting color with 
that given by this indicator with samples of milk of known 
normal character If the reaction is uniform with that of the 
known normal milks, the milk can be satisfactorily used for the 
color standard Usually a milk having an acidity equivalent to 
1 8 cc of 0 1 N NaOH per 10 cc. of milk is found to be satisfactory 

(2nd) Preparation of Standard Color Senes — Measure eight 
portions of milk of 10 cc each into separate test-tubes and to 
each portion add the amount of 0 1 n NaOH indicated below. 

'Jest-tube No 12345678 

No of drops of 0 1 N NaOH 0 2 4 6 8 10 12 14 

The alkali is added to the tubes from a burette, using the same 
precautions m regard to uniform size of drops and their delivery 
as have been already given for measuring the brom-cresol purple 
solution The alkali and milk aie thoroughly mixed. Of the 
mixture m each tube take 3 cc and one drop of brom-cresol 
purple solution, making a series of eight mixtures contained m 
the land of test-tubes previously described. These give a range 
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of colors to be used as a standard for comparison in testing 
unknown milks. The reaction color in each tube corresponds 
approximately to the following pH values. 

No in series. 12345678 

cc of 0 1 N NaOH used 0 01 02 03 04 05 06 07 

res 6 6 6 67 6 75 6 82 6 90 6 98 7 05 

pH; value . i to to to to to to to to 

[6 6 6 67 6 75 6 82 6 90 6 98 7 05 7 13 

Symbol for reaction color N N— 1 N — 2 N~3 N— 4 N— 5 N— 6 N — 7 

As a matter of convenience m tabulating results, we append a 
series of symbols to indicate the pH values, N standing for normal 
reaction and N followed by the minus sign and figures ranging 
from 1 to 7, indicating decreased acidity corresponding to 
increasing pH values 

It should be emphasized here that this method gives the 
reaction only approximately and the accuracy of the results 
may be interfered with by various conditions apart from the 
true reaction Of such interfermg factois, one which is especially 
influential in affecting the color is the degree of opaqueness. 
Milks of relatively low acidity tend to be less opaque than those 
of normal acidity. As a result the surface color observed is 
reflected from a greater depth and with a corresponding increase 
in the intensity of the color in the presence of biom-cresol purple 
solution, thus indicating a reaction less acid than that indicated 
by the standard. When necessary, this source of mterfeience 
can be obviated by so diluting the standard series with water 
after the addition of alkali and before the addition of the brom- 
cresol purple solution that the milk to be used as a standard will 
resemble m its appearance of opaqueness that of the unknown 
nulk. The milk thus diluted is then used m making up a special 
standard series by addition of indicator While the addition of 
water changes the reaction of the standard somewhat, the test of 
the reaction by the color is made more accurate than if the 
standard is undiluted. 

Another factor which maj'' render less accurate the use of the 
standard in determining the reaction of unknown milks is the 
imtial reaction of the milk used for the standard If, for example, 
the initial reaction is pH 6 5 in one case and pH 6 6 in another, 
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there would be a difference of 0 1 pH m applying the standard 
to the reaction of unknown milks. 

(d) Interpretation of Color . — In examining the samples of milk 
in the test-tubes after addition of the milk to the brom-cresoi 
purple solution, one makes comparison with the prepared color 
standard; or, in the absence of such a standard, one selects those 
samples which differ in color markedly from those samples which, 
according to experienced observation, appear normal, either be- 
fore or after the separation of the cream Such samples as appear 
to be abnormal by showing a deeper blue shade of color, indi- 
cating decreased acidity, are open to the suspicion of being 
watered, or skimmed, or treated with alkalihe salts, or containing 
excessive numbers of leucocytes as m milk from diseased udders. 
Which of these suspicions is justified can be ascertained by the 
determination (1) of the freezing-point, (2) of the percentage of 
milk-fat or the ratio of fat to proteins, (3) of the specific gravity, 
(4) of the total solids, (5) of the presence of alkaline salts, 
especially sodium bicarbonate and borax, (6) of the numbers of 
leucocytes by direct microscopic examination by Breed’s method,® 
and (7) of COa^ by Van Slyke’s method modified by us for use 
in connection with milk 

In the case of samples showing a color lighter than noimal 
with the brom-cresol purple solution, indicating an abnormal 
degree of acidity, there is awakened the suspicion of bacterial acid 
production, the presence of formaldehyde, overheating, or the 
presence of added acid salts, or the lighter color may be due to a 
high percentage of milk-fat Which of these indications is 
correct is determined as follows. A direct count of the number 
of bacteria® is often ^ificient If this fails to show the presence of 
excessive numbers of bacteria, then a test should be made for 
the presence of formaldehyde, and, if this is not present, the 
percentage of milk-fat is determined, and, fuither, in order to 
see if the light color is due to overheating, the determination of 
carbon dioxide should be made and Storch’s test may also be 
applied 

■‘Bleed, E, S , Nm York Ague Exp Station, Techn Bull 49 . 1916 

j ‘ Van Slyke, L L , and Baker, 3 C , J. Biol Chem , 1919, xl, 337 
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RESULTS OF APPLICATION OF METHOD. 

m 

Relation between the Reaction of Milk and the Presence of Added 
Water and of Garget. 

We have made application of this preliminary test extensively 
in the case of market milk and especially in connection with 
watered milk and milks containing garget and also milks with a 
high bacterial content 

Of 570 samples of market milk to which the test was apphed, 
64 samples, of which 52 showed decreased acidity, were selected 
by the brom-cresol purple test for more detailed examination in 
relation to the presence of added water and high leucocyte con- 
tent The results of the work are summarized in Table I Each 
sapaple of market milk represented a single can of milk as de- 
livered at the milk station by the producer. Milk from the same 
producer was sampled on several different days in those cases in 
which there was cause for suspecting the milk to be abnormal. 
Most of the samples giving a normal color reaction (N) were 
selected from the milk of producers whose milk appeared on 
previous inspection to show signs of being watered but which 
gave a normal reaction at the time of this sampling. There are 
given in addition results in the case of a few samples (Nos. 23 to 
28) of milk obtained from different quarters of the udders of 
cows, some of which were known to have udder infection, and 
there are also three samples (No 6) of normal mixed milk 
from our Station herd 

An examination of the results contained in Table I leads to 
the following summarized statements: * 

1. Of the selected 64 samples of maiket milk, 52 show a color 
reaction less acid than normal and 12, a normal reaction 

2 In all the samples giving a normal color reaction, the de- 
pression of the freezing-point varies between — 0 54 and — 0.57°. 
In the 52 samples of market milk showing a reaction less acid 
than normal, constituting nearly 10 per cent of all the samples 
examined by the color test, 39 samples show a depression of the 
freezing-point varying from — 0 468 to — 0.538°, thus indicating 
the presence of added water In 18 samples giving N-1 color 
reaction (pH 6.6 to 6 67), 10 samples show watering by the 
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TABLE I 

Results of Emrmnation of Market Milk hy Brom-cresol Purple Test, 


Herd 

No 

Eeaction 

Depres- 
sion of 
freezing- 
point 

Garget 

Herd 

No 

Reaction 

Depres- 
sion of 
freezing- 
point 

Garget 



degree 




degree 


1 

N 

0 669 

0 


N-2 

0 538 

0 

2 

it 

0 558 

0 


tt 

0 609 

0 

3 

it 

0 558 

0 

14 

tt 

0 477 

0 

4 

it 

0 560 

0 

14-a 

N 

0 548 

0 

4-a 

it 

0 560 

0 

14-b 

N-2 

0 530 

0 

6 

it 

0 648 

0 

14-c 

tt 

0 512 

0 

5 

tt 

0 552 

0 * 

14-d 

tt 

0 490 

0 

6-a 

tt 

0 565 

0 

14-e 

tt 

0 523 

0 

6-b 

it 

0 562 

0 

14-f 

tt 

0 503 

0 

7 

N-l 

0 536 

Present 

14-g 

it 

0 513 

0 

7-a 

N 

0 546 

0 

14-h 

it 

0 520 

0 

7-b 

N-l 

0 646 

Present 

14-1 

tt 

0 525 

0 

7-c 

it 

0 650 

it 

14-j 

tt 

0 500 

0 

7-d 

U 

0 536 

it 

14-k 

tt 

0 530 

0 

7-e * 

N 

0 55S 

0 

15 

tt 

0 518 

0 

7-f 

N-l 

0 652 

Present 

16-a 

tt 

0 636 

Present. 

7-g 

it 

0 549 

it 

15-b 

tt 

0 543 

it 

7-b 

tt 

0 549 

0 

15-c 

N-l 

0 518 

0 

7-1 

N 

0 553 

0 

16 

N-2 

0 523 

0 

8 

N-l 

0 528 

0 

16-a 

it 

0 506 

0 

8-a 

iM 

0 647 

0 

16-b 

N-l 

0 512 

0 

8-b 


0 530 1 

0 

16-c 

N 

0 556 

0 

8-c 

KbI 

0 645 

0 

16-d 

N-2 

0 496 

0 

8-d 

it 

0 538 

0 

17 

it 

0 494 

0 

8-e 

N-2 

0 541 

0 

18 

N-3 

0 619 

0 

8-f 

N-l 

0 563 

Present 

19 

N-2 

0 530 

0 

8-g 

N-2 

0 540 

0 

20 

N-l 

0 491 

0 

9 

tt 

0 518 

0 

21 

it 

0 531 

0 

9-a 

tt 

0 531 

0 

22 

N-2 

0 540 

0 

9-b 

tt 

0 612 

0 

22-a 

tt 

0 640 

0 

9-c 

N-l 

0 630 

0 





10 

N-2 

0 500 

0 

23 

N 

0 658 

0 

10-a 

N-l 

0 512 

0 

24 

(C 

0 558 

0 

10-b 

N 

0 558 

0 

25 

N-4 

0 540 

Piesent. 

10-c 

N-3 

0 470 

0 

26 

tt 

0 563 

if 

11 

tt 

0 468 

0 

27 

N-5 

0 558 

1 

12 

** 

0 519 

0 

28 

it 

0 548 

it 
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freezing-point determination, while 8 do not. Of these 8 samples, 
the decreased acidity is due to the presence of garget in 5 cases. 
The other 3 cases are on the borderline as shown by the freezing- 
point depression. In 30 samples showing N-2 color reaction 
(pH 6.67 to 6.75), 25 contain added water according to the 
freezing-point, while 5 are just on the border line, showing a 
freezing-point depression varying from — 0 54° (m 3 cases) 
to — 0.543°. In the case of 4 samples (10-c, 11, 12, 18), giving 
a color reaction of N-3 (pH 6 75 to 6 82), all showed the pres- 


TABLE II. 

Results of Examination hy Herds. 


Herd No 

No. of times 
examined 

No of samples 
with subnormal 
reaction 

No of samples 
watered 

No of samples 
with garget 

7 

10 

7 

0 

6 

8 

8 

8 

3* 

1 

9 

4 

4 

4 

0 

10 

4 

3 

3 

0 

11 

1 

1 

1 . 

0 

12 

1 

1 

1 

0 

13 

2 

2 

2 

0 

14 

12 

11 

11 

0 

15 

4 

4 

3t 

1 

16 

6 

4 

4 

0 

17 

1 

1 

1 

0 

18 1 

1 

1 1 

1 

0 

19 

1 

1 

1 

0 

20 

1 

1 

1 

0 

21 

1 

1 

1 

0 

22 

2 

2 

0 

2 


* 2 others doubtful, 
t 1 other doubtful 


ence of added water by the freezing-point. In the case of 2 
samples (25, 26), having a color reaction of N-4 (pH 6.82 to 6 90) 
and of 2 samples (27, 28) with a reaction of N-5 (pH 6.90 to 
6.98), the decreased acidity was due in every case to garget, the 
determination of the freezing-point showing the milks to be en- 
tirely normal in water content For further details regarding 
the reaction of milk to udder infection see page 351. 

3 The number of dairies furnishing the 570 samples of milk 
examined was 46. In the case of 16 dairies, the milks showed a 
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subnormal or decreased acid reaction by the brom-cresol purple 
test. Three-fourths of these subnormal samples came from a 
few herds. It was found that in one of these the milk was being 
watered regularly and some of the milk from the other herds 
gave evidence of severe mastitis. Table II shows the number 
of milks of subnormal reaction m the case of the 16 herds and 
indicates also the total number of examinations and the number 
of times the samples were found watered and, in addition, the 
cases where garget was present. 

It is seen that in the ease of the 16 herds, 58 examinations of 
milk were made; in 52 samples, the reaction was found to be 
subnormal or of decreased acidity In these 52 cases, 37 showed 
clear evidence of watering by the depression of the freezing-point 
and 3 others were so close to the border line as to be open to a 
strong suspicion of being watered. There were three herds in 
which persistent addition of water was shown. 

4. The 6 samples, 23-28, were drawn from the udders under 
our direct supervision Four of these showed a subnormal re- 
action, owing to the presence of garget, and the freezing-point 
test shows that the percentage of water is not excessive. A 
complete chemical analysis of these four samples would un- 
doubtedly show an abnormal composition according to our work 
(page 350) 

Relation Between the Reaction of Milk and the Bacterial Content. 

MUks showing a reaction above normal acidity, as indicated 
by giving with brom-cresol purple solution a lighter color, were 
examined for their bacterial content. Of the 570 samples ex- 
amined, 16 gave a lighter color than normal, of which 11 were 
found by Miss Mildred C. Davis, the City Bacteriologist, to 
contain over .10,000,000 bacteria per cc. by the direct-count, 
method® In the case of two of the other samples, the light, 
color was due to high milk-fat content, bacteria not being present 
in large numbers 

A further study was made at the Laboratories of the Depart- 
ment of Health of New York City through the couitesy of the 
Director, Dr. Wm. H. Park. Of the 11 samples found showing 
a light color with brom-cresol purple solution, four contained 



370 


Detection of Abnormal Milks 


over 1,000,000 bacteria* per cc. by the plate-count method and 
six showed high percentage of milk-fat with low bacterial content. 

SUGGESTIONS. 

It has been stated already that the main source of weakness 
in the apphcation of this method is the observation of the shade 
of color given by the sample of milk with brom-cresol purple 
solution. It is, therefore, important that, before one attempts to 
use the method in practical apphcation, some special work be 
done in a study of the shades of color of the brom-cresol purple 
solution in milk under a great variety of conditions For example, 
taking some fresh normal milk of average composition, that is, 
with 3 to 4 per cent of milk-fat, a portion is treated with brom- 
cresol purple solution in the manner described (page 361), and 
then other portions are treated by the addition of definite 
amounts of 0 1 n alkali, just as in the preparation of the standard 
color series (page 363), and other portions by 0 1 n lactic acid, 
while other portions are diluted with definite amounts of water, 
and others are skimmed, and others have cream added to them. 
Also the results of the action of definite amounts of formaldehyde 
added to portions of the milk should be studied; and also the 
effects of the addition of varying amounts of sodium bicarbonate, 
borax, etc Portions of milk heated to various temperatures are 
similarly studied. A similar complete study should be made 
with different samples of normal milk until one is able to dis- 
tinguish different shades of color so far as they have a meaning 
m practical apphcations of the test. 

It should be emphasized here again that the application of the 
brom-cresol purple test is not to be regarded as final but only as 
preliminary and suggestive. Its chief value is to be found m 
the fact that, when properly used, it will greatly minimize the 
work involved in ofl5.cial milk inspection, because it will point 
in most cases directly to the milks that are abnormal and, there- 
fore, indicate which samples need further detailed work to 
confirm or disprove the suspicion aroused by the result of the 
preliminary test. 
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SUMMARY. * 

The method described as a means for the prehminary detection 
(of abnormal milks is based upon the use of the dye, dibrom- 
.ortho-cresol-sulfon-phthalein, the name being abbreviated to 
brom-cresol purple One drop of a saturated water solution is 
mixed with 3 cc. of milk and the color is observed. Normal 
fresh milk gives a grayish-blue color TJie production of a darker 
or lighter color serves to awaken suspicion m regard to the normal 
character of the milk The color is made hghter by acids, formal- 
dehyde, and also by heating above the usual point of pas- 
teurization The color becomes deeper blue m the case of milk 
from diseased udders, watered milk, skimmed milk, and milk 
contaming added alkaline salts. In the inspection of milk, a 
sample is taken for further detailed examination in the laboratory 
if the color is suflBlciently lighter or darker than normal to indicate 
the probabihty of some abnoimal condition 

The method has been applied and results are reported for 570 
samples of market nullt. Watered milk was detected and also 
milk containing excessive numbers of leucocytes A standard of 
colors can be prepared by which comparison can be made and 
conclusions more easily reached as to the normality or abnormahty 
of the samples examined. 
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INTRODUCTION. 

Keeping quality or keeping power is an expression used to 
indicate the length of time milk remains sweet and otherwise 
palatable and suitable for direct consumption. This is obviously 
an important factor in estimating the commercial value of market 
milk, since milk that is sour or otherwise unpalatable is com- 
paratively valueless for direct i^e, however rich it may be in fat 
and other solids. 

Various methods have been proposed for measuring the keeping, 
quality of milk but these have been found unsatisfactory in actual 
practice. Therefore, a method which can be utilized to furnish 
consistent results in measuring, even though only approximately, 
the keeping quality of different milks is needed. 

Proposed Method, 

We have found that the brom-cresol purple test (see page 359) 
can, with simple modifications in technique, be apphed to the 
measurement of certain factors affecting the keeping power of 
milk. In applying the test for this purpose, the test-tubes and 
pipettes must be sterihzed before use and the milk in the test- 
tubes must be incubated for a stated length of time at a definite 
temperature. Examination of the milk after incubation fur- 
nishes evidence in respect to the keeping power of milk as shown 
by one or more of several possible changes that may take place 
in the milk. Such changes can be divided into two classes, first, 
those affecting the color of brom-cresol purple, which show a 
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change of reaction in the milk due to the production of acid or 
less often to the formation of alkali salts, and, second, other 
accompanying or succeeding changes, such as curdling of the milTr 
due to coagulation of casein, digestion of casein, changes in the 
character of the coagulated or curdled milk, production of gas, 
and the development of abnormal odor and taste. 

Non~Gerimcidal Effect of Brom-Cresol Purple Solution. 

In order to be of value as a means of measuring the keeping 
quality of milk by the reaction, it is essential that the brom- 
cresol purple solution should not, under the conditions used, show 
any germicidal effect sufficient to interfere with the growth of 
bacteria in milk. In order to test this fundamental requirement, 
pure cultures of Bacterium lactis aadi were added to freshly 
pastem’ized skim-milk; one portion of this was treated with 
brom-cresol pm’ple solution and both portions were incubated 
at 20*^0. At intervals the brom-cresol purple test was applied 
to samples taken from the incubated portion of milk containing 
none of the indicator, and comparison was made with the portion 
to which brom-cresol purple had been added at the start. Also 
samples of the two portions of milk were titrated with alkali 
These tests were made many tunes with different milks, but in 
no case was there observable any difference in behavior. The 
same tests were also applied in numerous cases to two portions 
of a milk undergoing the process of natural souring, using both 
unheated and pasteurized milk, without showing any difference. 
The results aU go to show that the brom-cresol purple solution 
has no germicidal effect under the conditions used. However, 
it is advisable to take precaution to use for this test only brom- 
cresol purple that is wholly free from the odor of phenol or cresol, 
as suggested by Clark and Lubs ^ In our experience it is not 
difficult to obtain this. 

Production of Acid. 

In considering the apphcation of the brom-cresol purple test 
to the measurement of the keeping quahty of milk as shown by 
the formation of acid in milk, we will present the subject under 

^ Clark, W M , and Lubs, HA,/. Agric. Research, 1917, x, 105. 
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the two heads, localization of acid production and degrees of 
acid production. 

Localization of Acid Production . — In the natural souring of 
milk standing undisturbed, the formation of acid rarely proceeds 
umformly through the body of the milk but is largely localized, 
especially in the earlier stages of the process Acid is usually 
first formed in appreciable amount at the upper sm-face next the 
cream layer, or less often m the layer at the bottom of "the con- 
tainer, or it may appear in some cases simultaneously in both 
the top and bottom layers Less frequentty it may start m the 
layer of milk next the side walls of the container 

When acid is formed fia*st at the upper surface of the milk, it 
is probably due to the fact that the organisms are enmeshed and 
carried upward with the rising fat-globules and are thus con- 
centrated in the upper layer The bacteria left in the body of 
the milk after the rising of the fat-globules would tend, under 
the downward pulling effect of gravity, to settle at the bottom 
of the container. Generally, the number carried up is apparently 
greater than that carried down Such a concentration of bacteria 
m the top or bottom layer of the milk would have the effect of 
making the brom-cresol purple test more sensitive as a result of 
more rapid formation of acid The effect of acid development is 
more commonly shown first in the upper layer, though some- 
times in the lower or less often in the side layer. But whether 
it starts at the top or bottom or side, the process of acid pro- 
duction works from the starting area or areas through the mam 
body of the milk 

Degrees of Aadity — It would be desii’able, if it were possible, 
to distinguish different degrees of increasing acidity by preparing 
a color standard representing different values of hydrogen ion 
concentration, similar to the method described on page 363 for 
deteiminmg the approximate hydrogen ion concentration of milk 
when its acidity is less than that of normal milk. This is 
impossible for several reasons and especially because, as pointed 
out above, the production of acid is locahzed and not distributed 
uniformly through the body of the milk Howevei, we have 
found that it is possible, with some experience, to distinguish 
readily not less than four degrees or stages of acidity by changes 
of color, varying from the grayish-blue observed with normal 
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fresh milk to a pure yellow occiuTing in milk sufficiently sour to 
undergo coagulation, which occurs at about pH 4.65. These four 
stages or degrees of acidity can be distinguished by the following 
description 

(1) The ffist stage or beginning of acid production (Ai) is indi- 
cated by the first sign of change fiom the grayish-blue color of 
normal milk to a lighter shade observable in any portion of the 
milk. This is most often distinguishable at the upper surface of 
the milk just under the cream layer, though it may occur at the 
bottom layer of the milk or less frequently at the side walls of 
the containing vessel 

(2) The second stage (Aa) shows distinct acid production and 
IS indicated when the milk in a test-tube gives evidence of more 
extensive and marked change of color than in case of Ai The 
main body of the milk, however, still retains a grayish-blue color 
more oi less interspersed with, but predominant over, yellowish 
or greenish-yellow shades. The prevailing color may be bluish 
or a dull shade of bluish-gi’een 

(3) The third stage (A 3 ) shows marked acid production and is 
indicated when the color of the milk m the test-tube appears 
greenish to greenish-yellow; the yellow is predominant through 
the body of the milk, though not complete, but is more or less 
interspersed with shades intermediate between dull green and 
yellow. 

(4) The fourth stage (A 4 ) of acid production is easily observable, 
since the color is a pure, fairly umform yellow, free from every 
trace of bluish or greenish tints. The curdling of the milk 
usually occurs at this stage and is geneially, though not always, 
readily seen 

It can easily be understood that these divisions are somewhat 
arbitrary and not always capable of sharp separation but they 
afford a practical basis for differentiating milks, furnishing a test 
which gi’eatly exceeds m delicacy and ease of application the 
usual titration methods With experience in distinguishing shades 
of coloi , it IS easily possible to cany the division of classes further 
if desiied; but usually the four broad classes described above 
suffice for most pui poses. 
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Other Changes m Milk. 

Changes other than those produced by acid formation can also 
'be observed, and to these attention will be briefly called. Such 
-changes may occur only after somewhat prolonged incubation in 
the case of good market milks, but they appear more quickly in 
the case of milks which have been drawn more than 24 hours 
before incubation, or in the case of milks drawn under uflf avorable 
conditions as to cleanliness and not kept at a sufficiently low 
temperature. It should be stated here that while these changes 
have been studied by bacteriologists, it is essential that they be 
given special attention and further study under the conditions of 
the proposed test. 

1. Production of alkali during incubation is shown by decreased 
acidity and is indicated by increase of depth of the grayish-blue 
color given with normal milk by the biom-cresol purple solution. 

2 Digestion of pasein is observable just below the cream layer 
and IS indicated by the appearance of a layer of more or less 
clear solution. 

3. Gas 'production is easily observed, indicating the piesence of 
gas-producing organisms. This test is especially valuable in 
connection with milk to be used for cheese-making. 

4 The contraction or shrinking of the curd or coagulated casein 
into a smaller mass is easily seen when it occurs. This is 
accompanied by the separation of more or less clear whey. 

5. Any abnormal odor or taste is readily ascertained by any one 
having well developed senses of smell and taste. Such abnormal 
conditions have been noticed m our experience only in the case 
of milks which had shown marked change in reaction as indicated 
by the color given with brom-cresol purple solution. 

RESULTS OP APPLICATION OP THE METHOD. 

In applying the brom-cresol purple test to the measurement of 
acid production in relation to the keeping quality of milk, tTro 
separate series of experiments will be presented In the first 
series, the samples used were taken from individual cans of 
milk as delivered by producers at the two collecting stations 
kandlmg the supply of the city of Geneva. In the second series, 
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the samples were obtained from the regular milk supply of New 
York City. 

1 The Geneva Samples . — In applying our method to 389 
samples obtained in Geneva, we have had the cooperation of the 
city bacteriologist, Miss Mildred C Davis, who classified the 
samples into groups by microscopical examination, using the 
direct-counting method ^ 

The results are summarized in Table I. 

In interpreting the results of the microscopical examination 
with reference to the fitness or keeping quality of milk for 
domestic use, milks in Class I are regarded as excellent, in Class II 
as satisfactory, in Class III as unsatisfactory, and in Class IV as 


TABLE I 


Comparison of Results of Btom-Ciesol Purple Test vnth Classification iy 
Microscopical Examination 


s 

G 

No of individual haotena per CO of milk 

No of 
samples 
exam- 
ined 

No of 
samples 
ohane- 
ing 
color 

No of 
samples 
not 
chang- 
ing 
color 

Milk 

show- 

ing 

good 

keeping 

quality 

Milk 

show- 

ing 

poor 

keeping 

quality 

I 

Below 350,000 

283 

41 

242 

Ver cent 

85 5 

per cent 

14 5 

II 

Between 350,000 and 1,000,000 

21 

6 

15 

71 5 

28 5 

III 

“ 1,000,000 and 10,000,000 

52 

33 

19 

36 5 

63 5 

IV 

Over 10,000,000 

33 

27 

6 

18 0 

82 0 


very unsatisfactory. While there is a general correspondence be- 
tween the results obtained by the microscopical examination and 
by the brom-cresol purple test, the agreement is not complete 
In Class I, representing milk of excellent quality by microscopical 
examination, 242 samples out of 283 show no change by the 
brom-cresol purple solution, thus confirming the results of the 
microscopical examination; but 41 samples out of the 283, or 14.5 
per cent, show sufficient increase of acidity to be detected by the 
brom-cresol purple solution In Class II, of the 21 samples 
graded as satisfactory by microscopic examination, 6 samples, or 
28.5 per cent, show increase of acidity with brom-cresol purple 
solution. In Class III, 52 samples are graded as unsatisfactory 


® Breed, R S , New York Agric Exp Station, Techn Bull 49, 1916. 
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by the microscopic method, while 19 samples, or 36.5 per cent, 
fail to show increased acidity. In Class IV, 33 samples are 
graded as very unsatisfactory by the microscopical method, but 
of these there are <6, or 18 0 per cent, which show no increase of 
acidity These observed differences of interpretation in the ap- 
phcation of these two methods to the determination of keeping 
quality in milk are what might be expected under the conditions 
and are easily explained. The brom-cresol purple test is here 
applied to detect increase of acidity while the microscopical 
examination includes all kinds of bacteria and not merely those 
capable of producing acid It is obvious that in the case of 
bacteria producing no acid or only very small amounts under 
the conditions of the test, the brom-cresol purple test would 
not be expected to apply as it does in the case of marked acid 
producers. 

2. The New York City Samples . — These samples were obtained 
in the regular inspection work of the city milk supply, through the 
courtesy of Dr. Wm. H. Park, Director of the Laboratories of 
the Department of Health. We are indebted also to Dr. Hazel 
Hatfield for the work done in making the bacteriological exami- 
nations of the samples. There were examined 220 samples of 
unheated or raw milk and 186 of pasteurized milk. The bac- 
teriological examination was made by the official plate method 
after incubation at 37°C. The tests with brom-cresol purple 
solution were made in all cases on samples incubated at 18°C. 
for 24 hours This temperatm'e is higher than that found in 
efficient household refrigerators, but it may be regarded as repre- 
senting approximately the average temperature at which milk is 
kept after delivery to the consumer 

The division into classes on the basis of bacterial content has 
been carried farther than in case of the Geneva milks, providing 
fifteen different divisions as shown m Table II. 

The results with the raw milks examined in New York City 
show, in general, that when the numbers of bacteria increase, 
there is an increase in the percentage of samples showing increase 
of acidity. Milks with high bacterial content usually show poor 
keeping quality by the brom-cresol purple test, while those con- 
taining small numbers of bacteria generally show good keeping 
quality by the color test. However, some milks with fairly high 
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TABLE 11 


RestiUs of Examinahon of New York City Milks 


Class 

B=raw 
P= pas- 
teur- 
ized 

No of Colonies developed per ec of milk 

No of samples 

No of samples showing 
change of reaction 

No of samples not show- 
ing change of reaction 

Milk classed as poor by 
test 

Milk classed as good by 
test 










per 

per 










cent 

cent 

I 

R 

Below 1,000 




0 


0 

— 

II 

a 

Between 

1,000 and 

, 5,000 

4 

0 

1 4 

0 

100 

III 

u 

it 

5,000 

it 

10,000 

6 

0 

6 

0 

100 

IV 

u 

it 

10,000 

it 

20,000 

4 

3 

1 

75 

25 

V 

it 

is 

20,000 

it 

30,000 

10 

5 

5 

50 

50 

VI 

ti 

it 

30,000 

ti 

60,000 

17 

14 

3 

82 4 

17 6 

VII 

u 

it 

60,000 

« 

100,000 

23 

22 

1 

95 7 

4 3 

VIII 

it 

it 

100,000 

tt 

150,000 

25 

20 

5 

80 

20 

IX 

it 

a 

150,000 

a 

250,000 . 

57 

54 

3 

94 7 

5 3 

X 

it 

it 

250,000 

ti 

400,000 

16 

14 

2 

87 6 

12 5 

XI 

it 

ti 

400,000 

it 

600,000 

16 

16 

0 

100 

0 

XII 

c< 

tc 

600,000 

if 

1,000,000 

20 

20 

b 

100 

0 

XIII 

c< 

it 

1,000,000 

ti 

1,500,000 

10 

9 

1 

90 

10 

XIV 

Si 

ti 

1,500,000 

ti 

3,000,000 


7 

0 

100 

0 

XV 

1 

Over 3,000,000 




5 

0 

100 

0 

I 

p 

Below 1,000 



4 

0 

4 

0 

100 

II 

tc 

Between 

1,000 and 

5,000 

16 

1 

15 

6 2 

93 8 

III 

it 

C( 

5,000 

ti 

10,000 

9 

1 

8 

11 

89 

IV 

it 

it 

10,000 

ti 

20,000 

32 

0 

32 

0 

100 

V 

it 

it 

20,000 

tt 

30,000 

32 

2 

30 

6 2 

93 8 

VI 

ti 

ti 

30,000 

a 

60,000 

28 

3 

25 

10 7 

89 3 

VII 

« 

a 

60,000 

ti 

100,000 

20 

5 

15 

25 

75 

VIII 

i< 

ct 

100,000 

tt 

150,000 

15 

9 

6 

60 

40 

IX 

it 

Si 

150,000 

tt 

250,000 

13 

1^ 


92 3 

7 7 

X 

is 

St 

250,000 

tt 

400,000 

4 

2 


50 

50 

XI 

St 

St 

400,000 

tt 

600,000 

5 

5 

0 

100 

0 

XII 

it 

a 

600,000 

it 

1,000,000 

3 

3 

0 

100 

0 

XIII 

<c 

Si 

1,000,000 

Si 

1,500,000 

5 

5 

0 

100 

0 

XIV 

it 

ti 

1,500,000 

ti 

3,000,000 

0 

! 




XV 

it 

Over 3,000,000 



0 
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bacterial content show good keeping quahty, while some with a 
low content show poor keeping quality, by the brom-cresol 
purple test. 

With pasteurized milks we obtain similar results, except that 
a large proportion of the milks with the higher bacterial content 
show good keeping quahty by the brom-cresol purple test. 

The results obtained with the New Yoik City milks are not 
properly comparable with those obtained with the Geneva milks, 
especially for two reasons. In the first place, the two methods 
of obtaining the bacterial content, Breed’s direct-counting method 
and the so-called official plate method, do not give results suf- 
ficiently comparable for our purpose. In the second place, the 
New York City milks average probably not less than 24 hours 
old when the samples are used for laboratory work, while the 
Geneva samples are not more than 6 to 16 hours old. 

In the summary of the results here presented, we do not give 
the varying degrees of acidity developed on incubation but only 
the general fact of an increase. Data in greatei detail are being 
collected. 


Additional Worh 

While some observations have been made on the relation of 
the other factors to keeping quality, much additional work 
remains to be done along the following lines: (1) Digestion of 
casein, (2) production of alkah, (3) production of gas, (4) taste 
and odor, (5) relation of age of milk to temperature and length 
of time of incubation. 


SUMMABT. 

1. Brom-cresol purple can be used to measure approximately 
and relatively the keeping quahty of milk. The test is applied 
m the manner described in the article precedmg (page 357), with 
the modification that the pipettes and test-tubes used are steri- 
hzed before sampling the milk, and, further, the samples of milk 
m the test-tubes must be incubated a given time at a given 
temperature, (usually 18° to 20° C.). The mdk is examined for 
changes of color at 24 hour intervals The main factor shown by 
this test as related to keeping quality is production of acid, but 
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additional factors to be observed are coagulation of casein, diges- 
tion of casein, production of alkali, production of gas, develop- 
ment of abnormal odor and taste 

2. In showing the development of acidity, four stages of. 
progress are distinguishable through change of color, varying from 
the grayish-blue of brom-cresol purple in normal milk to a final 
clear yellow, the intermediate stages showing mixtures of color. 
In comparing this test with the bacterial count, it is found that 
m general large numbers of bacteria and increase of acidity are 
in fair correlation. 

3. The other factors related to keeping quality, such as diges- 
tion, gas, alkali production, and abnormal odor and taste, are 
readily observable, but frequently not until after 24 hours of 
incubation. 



EXTRACTION AND CONCENTRATION OF THE WATER- 
SOLUBLE VITAMINE FROM BREWERS’ YEAST.* 

By THOMAS B OSBORNE and ALFRED J. WAKEMAN. 

(From the Lahoratoiy of the Connecticut Agricultural Expenment S‘ation, 

New Haven ) 

(Received for pubbcation, October 1, 1919 ) 

In making experiments to determine the nutritive value of 
individual proteins it is necessary to employ a source of the 
water-soluble vitamine in the synthetic diet Heretofore it has 
been customary to feed some natural product such as protein- 
free milk, wheat embryo, or yeast to supply the necessary amount 
of this vitamine. All such products, however, contain relatively 
considerable quantities of nitrogenous substances, including pro- 
teins, hence there is always a question as to whether, or not, 
these so supplement deficiencies in the protein being tested as 
to give more or less misleading results. Such criticisms are not 
entirely unjustified because the nitrogen supphed together with 
the vitamine may be equal to 10 to 12 per cent of the mtrogen 
fed. Since some of such nitrogen belongs to protein and most 
of this to amino-acids identical with those contained in the pro- 
tein being tested there is little reason to believe that the results 
of the experimental feeding are seriously affected. Nevertheless 
there is always a possibihty that this may happen and we have 
had a feehng that some of our results may have been affected to a 
noticeable extent. A concentrated preparation of the water- 
soluble vitamine would also be of value for feeding experiments 
with inorganic salts as well as with individual carbohydrates. 
With a view to producing such a preparation we have attempted 
to concentrate the water-soluble vitamine in a fraction of yeast 

We have long known that the water-soluble vitamme is insol- 
uble in absolute alcohol, hence it seemed probable that by 

* The expenses of this investigation were shaied by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. 0. 
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fractionally precipitating the aqueous extract with alcohol this 
might be concentrated in a fraction and thus be obtained together 
with a comparatively small proportion of the other constituents 
of the yeast. 

The first step towards this end was the preparation of an 
aqueous extract which should contain as much of the vitamine 
and as little of the other constituents of the yeast as possible. 
Almost all investigators who have attempted to separate the 
water-soluble vitamine from yeast have apparently considered 
it necessary to bring into solution as much as possible of the 
contents of the yeast cells. To accomplish this they have 
generally allowed the yeast to undergo autolysis, whereby a 
considerable part of the protein, as well as of other constituents 
of the yeast, is converted into water-soluble products largely of 
unknown character. 

If the protein in the living yeast could be coagulated by boihng 
water before undergoing any autolytic change, and the water- 
soluble vitamine be simultaneously extracted, the conditions for 
a concentration of this vitamine in a fi action of the water extract 
would be greatly simplified 

EXPERIMENTAL. 

Several liters of fresh bottom yeast were obtained directly 
from a brewery, and immediately diluted with ice water. After 
centrifuging, the sediment was washed twice more in the same 
way. The moist, washed yeast weighed 264 gm., equal to 48 gm. 
dried at 107°. This was stirred gradually into 1 liter of boiling 
distilled water containing 10 cc. of 1 per cent acetic acid. After 
boiling for about 2 minutes the solids were sepaiated from the 
extract with the centrifuge. The residue was washed once by 
boiling with 0 01 per cent acetic acid and, after centiifuging, the 
extracts were united and concentrated to 500 cc. This con- 
centrated extract contained 8.14 gm of solids, equal to 17 1 per 
cent of the dry yeast, and 0.666 gm of nitrogen, equal to 144 
per cent of the original yeast nitrogen, or to 8 18 per cent of the 
solids of the extract 

Although this extract contained less than one-fifth of the 
yeast solids it contained nearly all the water-soluble vitamine. 
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Chabt I Young lats declining on a diet free from watei-soluble 
vitamme recovai when the solids extracted from live yeast by boiling 
water are added in a quantity equal to 0 1 to 0 2 gm. of the original yeast 


Chart I (see Rats 5113 and 5127) shows that daily doses of 17 
mg. of the solids of this extract promoted the recovery and rapid 
growth of young rats dechnmg on a diet free fiom the water- 
soluble vitamme, but which in other respects was adequate 
When 34 mg. of the yeast extract were fed (see Rats 5109 and 
5173) the rate of gam was no greater, hence it appears that the 
smaller dose supplied as much of the watei-soluble vitamme as 
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these animals needed. These doses were equivalent to only 0.1 
and to 0.2 gm respectively of the original dried yeast Usually 
0.1 gm of dried yeast is not sufficient to promote such a vigorous 
gain of weight as these rats showed, hence we conclude that this 
boiling water extract contained nearly all the water-soluble 
vitamine of the yeast from which it was derived. 

When we found that this aqueous extract was so rich in the 
water-soluble vitamine, a similar extract from a larger quantity 
of fresh bottom yeast was subjected to fractional precipitation 
by alcohol. After washing with ice water, the 4 5 kilos of the 
moist yeast, equal to 830 gm dried at 107°, were stirred slowly 
into 10 liters of boiling water containing 0 01 per cent of acetic 
acid. After boiling about 5 minutes the extract was readily 
filtered through folded soft papers The residue was washed 
once by boiling with 5 liters of 0.01 per cent acetic acid and the 
washings, united with the mam extract, were concentrated to 2 
liters This contained 140 gm. of solids, equal to 16 9 per cent of 
the dry yeast, and 12 02 gm, of mtrogen, equal to 13.7 per cent of 
the original yeast nitrogen, or to 8.6 per cent of the solids of the 
extract. These are substantially the same proportions as were 
found m the preceding experiments. 

The concentrated extract was then poured into 3 liters of 93 
per cent alcohol, making, the alcoholic content of the mixture 
about 52 per cent by weight. The flocculent precipitate, Frac- 
tion I, which separated, when washed with 52 per cent alcohol, 
digested with absolute alcohol, and dried over sulfuric acid, 
formed a nearly white powder, equal to 35.9 gm. dried at 107°. 
This fraction formed 4.3 per cent of the dry yeast or 25 6 per cent 
of the solids of the water extract. It contained 1.72 gm. of 
nitrogen, equal to 1 9 per cent of the original yeast nitrogen, or 
to 4»8 per cent of the precipitate. Its ash content was 47.15 
per cent. 

The filtrate and washings from Fraction I were concentrated to 
300 cc. and poured into 1,960 cc of 93 per cent alcohol, making 
the alcoholic content of the mixture about 79 per cent by weight. 
The precipitate. Fraction II, thereby produced was washed once 
with 79 per cent alcohol, and then twice dissolved in about 100 
cc. of water, and reprecipitated by pouring into enough alcohol to 
make the alcohohc concentration 90 per cent by weight. After 
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digesting under absolute alcohol and drying over sulfuric acid a 
light-colored, friable product was obtained equal to 51.8 gm. 
dried at 107°, or to 37 per cent of the solids of the extract, or to 
6.2 per cent of the dried yeast. This contained 7.5 per cent of 
nitrogen, equal to 4 5 per cent of the nitrogen of the original 
yeast, and 10 65 per cent of ash. 

The united solutions from Fraction II were concentrated to a 
small volume and poured into enough absolute alcohol to make 
the alcohohc concentration of the mixture 90 per cent by weight. 
The precipitate which separated. Fraction III, was dissolved in 
100 cc. of water and again precipitated by alcohol at 90 per cent. 
Since this precipitate was gummy it was again dissolved m about 
30 cc of water and the solution poured into 500 cc. of absolute 
alcohol. The still gummy precipitate was digested with absolute 


TABLE I 



Solids 

Nitro- 

gen 

Solids 

1 

Nitrogen 

Ash of 
fraction 

Of 

yeast 

Of water 
ei.tract 

Of 

fraction 

Of 

yeast 


gm 

gm 

per cent 

per cent 

per cent 

per cent 

per cent 

Water extract 

140 0 

12 0 

16 9 

100 0 

8 6 

13 72 

21 70 

Fraction I 

35 9 

1 7 

4 3 

25 6 

4 8 

1 94 


« II , 

51 8 

3 9 

6 2 

37 0 

7 5 

4 45 

10 65 

« III 

13 9 

1 8 

1 6 

9 9 

13 1 

2 06 


« IV 

36 1 

3 9 

4 4 

25 8 

10 8 

4 45 



alcohol and dried over sulfuric acid. Fraction III weighed 13.85 
gm dried at 107°, equal to 1.6 per cent of the original dried yeast, 
or to 9 9 per cent of the sohds of the water extract, and contained 
1 81 gm. of nitrogen equal to 13.1 per cent of the fraction, or 
to 2.06 per cent of the yeast nitrogen. Its ash content was 15.9 
per cent. 

The strong alcohohc solutions from Fraction III were united 
and concentrated to small volume Owing to the gummy char- 
acter of the dissolved solids these were preserved in strong 
alcohol. This solution contained sohds. Fraction IV, equal to 
36.1 gm. dried at 107°, eqmvalent to 44 per cent of the original 
yeast or to 25.8 per cent of the sohds of the water extract. It 
contained 10.83 per cent of nitrogen, equivalent to 4.^ per cent 
of the yeast nitrogen, and 15 9 per cent of ash. The results of 
this fractionation are summarized in Table I. 
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If the water-soluble vitamine was wholly concentrated in any 
one of these fractions quantities of each equivalent to the original 
yeast from which it was derived should be as effective as the 
latter in promoting the recovery of young rats declining on a diet 
free from this accessory. As 0.2 gm. of the entire yeast has 
proved to be sufficient for this purpose, and 0 1 gm. usually to 
be insufficient, these fractions were mixed with starch in such 
proportion as to make the mixture contain the same percentage 
of the fraction as did the original yeast Thus 0.2 gm. of the 
starch-fraction mixtures contained of Fraction I 8.6 mg , II 12.4: 
mg., Ill 3 2 mg., IV 8 8 mg. Smce Fraction II formed a larger 
percentage of the yeast than did any of the other fractions the 
absolute amount of each of these fractions in the respective 
starch mixtures was less than that of Fraction II. The feeding 
experiments to be described consequently do not afford a strict 
comparison of the efficiency of the fractions relatively to one 
another. They do, however, enable us to determine in which 
fraction the greater part of the total water-soluble vitamine of 
the yeast was concentrated. Charts II, III, and IV show the 
results of such feeding experiments. Chart II (Rats 5191, 5199, 
and 5291) shows that no appreciable gam of weight was made 
when doses of Fraction I equivalent to 0.2 gm. of yeast were 
fed daily. That this fraction was not wholly free from the 
water-soluble vitamine is shown by the slight gams made by 
Rats 5191 and 5291 after doubling the dose. When Rat 5199 
was given daily doses of Fraction II corresponding to 0.2 gm of 
yeast, it gained weight rapidly. Chart III shows that Rats 5116 
and 5289 which received daily doses of Fraction II equivalent 
to 0 2 gm. of yeast gained weight rapidly. Rat 5116 when given 
0.2 gm. of yeast grew no faster Rat 5198 which received a 
daily dose of Fraction II equivalent to only 0 1 gm of yeast 
made a fairly rapid gain of weight although only 6 2 mg. of the 
fraction were fed. Chart IV shows that Rats 5054 and 5288, to 
which doses of Fraction III equivalent to 0 2 gm. of yeast ■were 
given each day, and Rats 5039 and 5131, to which similar doses 
of Fraction IV were given, gained so little weight that it is evident 
that neither of these fractions contained as large a proportion of 
the water-soluble vitanune of the original yeast as did Fraction 
II. The slight gam of weight made by the rats having Frac- 



T. B. Osborne and A. J. Wakeman 389 



Ghaut II Young rats after declining on a diet fiee from water-soluble 
vitamme fail to recovei 'when quantities of Fi action I, equivalent to 0 2 
gm of yeast are added daily to their diets, but recover when given similar 
proportions of Fraction II or 0 2 gm. of yeast Even doubling the quan- 
tity of Fraction I caused veiy little gam in weight. 
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Ghabt III. Young rats declining on a diet free from water-soluble 
•vitamine recover when given quantities of Fraction II equivalent to 0.2 
or 0 1 gm. respectively of yeast When 0 2 gm. of yeast was given to Rat 
6116 mstead of Fraction II it did not gam any faster. 
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Chart IV Young rata decluimg on a diet fiee from the water-soluble 
vitamme fail to recover when given quantities of Fractions III or IV 
equivalent to 0 2 gm of the original yeast. Eecovery is prompt when 0 2 
gm of yeast is given. 
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tions III and IV indicates, however, that these fractions con- 
tained some of the water-soluble vitamine. In view of the fact 
that daily doses of only 3.2 mg. of Fraction III enabled Rat 5288 
to make a relatively considerable gam of weight shows that this 
fraction contained, weight for weight, as much, if not more, of 
the water-soluble vitamine as did Fraction II. However, since 
Fraction III amounted to only 1 6 per cent of the yeast it con- 
tained only a relatively small part of the total water-soluble 
vitamme. There can be no question therefore that Fraction II 
contained most of the water-soluble vitamine originally present 
in the yeast. 

Having thus found that the greater part of the water-soluble 
vitamine can be concentrated in about 6 per cent of the yeast 
solids it is now possible to supply enough of this vitamine for 
normal nutrition without introducmg such relatively large quan- 
tities of nitrogenous substances of unknown nature as have 
heretofore usually been necessary. Whether the method of frac- 
tionation here described is superior to precipitation by adsorption 
on Lloyd’s’' reagent remains to be determined, but it would seem 
as if our Fraction II offered advantages for the further study of 
many problems concerning the water-soluble vitannne Accord- 
ing to Seidell, Lloyd's reagent adsorbs 4.5 per cent of the nitrogen 
from the autolyzed yeast filtrate simultaneously with the vita- 
mine, whereas our Fraction II contained 4.46 per cent of the 
total yeast mtrogen or 31.8 per cent of the nitrogen of the yeast 
extract. 

As this Fraction II is easily prepared in large quantities it will 
certainly afford a better crude material for further study than 
does the autolyzed yeast filtrate which contains a large proportion 
of the products of autolysis derived from the yeast protein which, 
as our experiments show, are not concerned in the activity of 
vitamine preparations made from yeast The chief advantage of 
the procedure here described lies in the preparation of the aqueous 
extract, for by avoiding autolysis the proportion of water-soluble 
constituents of the extract is reduced to a minimum while the 
quantity of water-soluble vitamine in the extract is apparently 
not diminished 

^ Seidell, A., J. Biol Chem , 1917, xxix, 145. 
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It will be a matter of interest to learn more than is now known 
about the chemical nature of the constituents of this water 
extract of the living yeast, not only in connection with further 
attempts to concentrate the water-soluble vitamine, but also as 
a contribution to the chemistry of cytoplasm 
As yet we have made only a prehminary examination of this 
interesting mixture. That it consists chiefly of nitrogenous sub- 
stances is indicated by its content of about 8.5 per cent of 
nitrogen. Proteins are not present in amounts detectable by 
saturating with ammonium sulfate, oi by potassium ferrocyanide 
and acetic acid. A biuret reaction has been obtained only by 
very carefully applying this test to the part precipitated by 52 
per cent alcohol. Inorgamc constituents are also abundant, 
because the ash forms over 20 per cent of the dry sohds. The 
different types of nitrogen in the water extract m percentage of 
the total nitrogen are shown m Table II. 


TABUB 11 

Types of Nitrogen xn Per Cent of Total Nitrogen 



Humus N 

NH 3 N 

NHjN 

Basic N 

Purine N 

Before hydrolysis 

0 

0 

42 

■i 

0 

After “ 

0 64 

1.56 

60 

■I 

IS 


The above figures indicate the presence of relatively large pro- 
portions of nucleic acid, amino-acids, and peptides, but as yet 
none of these has been isolated Phosphatides are probably 
absent, because the ether extracts from Fractions II, III, and 
IV, the latter soluble in strong alcohol, failed to give any pre- 
cipitate when poured into acetone 
Fraction II which contains most of the water-soluble vitamine 
presents greater interest than the aqueous extract This fraction 
IS very soluble m water, its solution being distinctly acid to litmus. 
Relatively considerable quantities of alkali are needed to produce 
a neutral reaction to litmus and not a little more must be added 
before an alkaline reaction results. Only a trace of a precipitate 
separates from the neutialized solution. 

The unneutralized solution gives a large precipitate with lead 
acetate. Barium chloride causes only a tuibidity, but yields an 
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abundant precipitate when the solution is previously neutralized 
with sodium hydroxide. Silver nitrate does likewise. 

Baryta solution gives a voluminous precipitate which contains 
about 25 per cent of the sohds of the fraction and a relatively 
small part of its nitrogen. About 25 per cent more of the fraction 
is thrown out of the alkaline filtrate from the barium precipitate 
by silver nitrate. This precipitate, when thoroughly washed 
with baryta solution, contains nearly one-half the nitrogen of the 
fraction. The aqueous solution of Fraction II when acidified 
with sulfuric acid yields a very large precipitate with phospho- 
tungstic acid. Mercuric chloride gives a precipitate; copper sul- 
fate gives none. An aqueous or alcoholic solution of picric acid 
gives a precipitate if enough is added. Whether any one of the 
above precipitates contains some or all of the water-soluble 
vitamine remains to be determined. 

Such preliminary observations indicate that a variety of sub- 
stances are present in this fraction, but give no clue to the nature 
of the water-soluble vitamine. We have provided ourselves with 
several kilos of this active yeast fraction and are now engaged in 
a systematic study of its constituents 



CRYSTALLINE SALTS OF URIDINPHOSPHORIC ACID. 

ByP A LEVENE 

(From the Laboratones of The Rockefellei Institute for Medical Research ) 
(Received for publication, October 31, 1919 ) 

UridmpIiosphoriG acid was previously described m form of its 
crystalline brucine and barium salts.^ The identification of a 
nucleotide m form of its brucme salts was found not sufficiently 
- reliable. The crystallization of the barium salt of uridmphos- 
phoric is a slow and tedious process Hence it was desirable to 
find such salts of the nucleotide which could be crystallized with 
readiness when one is in possession even of only a small quan- 
tity of material. In this commumcation are described several 
such salts; namely, the mono- and the diammomum salts of 
uridinphosphoric acid, the neutral lead salt, and the brucine salt 
prepared from the crystalline ammonium salt. 

The neutral ammonium salt is readily prepared from the 
brucine salt and crystallizes as heavy, elongated prisms In 
aqueous solution its optical rotation is [a]o = + 21.0. It crys- 
tallizes with one crystal water. 

The mono-basic salt crystalhzes in form of long, prismatic 
needles It is very soluble in cold and hot water, and m hot 
glacial acetic acid. In aqueous solution it has an optical rota- 
tion of [cvJd = -b 13 0 The air-dry substance contains no 
crystal water 

The neutral lead salt crystallizes m long needles, and was 
found vei'j useful in obtaining pure uridinphosplioiic acid when 
the original brucine salt had not been sufficiently purified. 

The brucine salt was prepared in order to establish the con- 
stants of the compounds, since there was no conclusive evidence 
as to the absolute purity of the brucine salt obtained on fractiona- 
tion of the mixed brucme nucleotides derived from the products 
of hydrolysis of nucleic acid 

1 Levene, P A , Pioc. Soc Exp Biol, and Med , 1917, xv, 21, J Biol. 
Chem , 1918, xxxui, 229. 
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EXPERIMENTAL. 


Di-basic ammonium salt was prepared by decomposing with 
aqueous ammonium hydroxide a solution of the brucme salt of 
uridmphosphoric acid in 35 per cent alcohol. The brucme salt of 
the mononucleotide was obtamed either on acid or on ammonia 
hydrolysis of yeast nucleic acid. 

The crude ammonium salt was dissolved in a minimum volume 
of *hot water and to the solution hot methyl alcohol was added to 
very slight opalescence. On standing over night a deposit of 
heavy crystals formed. In subsequent experiments crystalhza- 
tion began immediately after addition of alcohol, if the solution 
was seeded with a crystal of the pure substance. The substance 
decomposed at 185°C (uncorrected). 


0 0994 gm of the substance gave 0 1048 gm of CO 2 and 0 0486 gm of 
H2O 

0 1000 gm of the substance analyzed for Kjeldahl nitrogen estimation 
required 10 68 cc of 0 1 n acid 

0 3000 gm of the substance gave 0 0870 gm of Mg 2 P 207 

Calculated for 

CaHuNiPOt + i H»0 Found 
per cent per cent 

C .. ... 29 11 28 75 

H . 5 42 5 47 

N . . 15 22 14 95 

P . . . 8 44 8 08 

The optical rotation of the substance was as follows. 


M" = 


+ 0 42 X 100 
1 X 2 


+ 21 0 


Mono-basic ammonium salt was prepared m the followmg way; 
2.0 gm. of the neutral salt were dissolved m 15.0 cc of glacial 
acetic acid, and to the hot solution hot ethyl acetate was added 
dropwise. Care was taken to wait with further addition until 
the precipitate forming on contact of ethyl acetate with the solu- 
tion had disappeared After a shght opalescence was estabhshed, 
the solution was allowed to stand over mght A crystalline sedi- 
ment was found in form of balls consisting of long needles In 
subsequent experiments, if the solution in glacial acetic was 
seeded with the pure substance, crystalhzation began immedi- 
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ately. The air-dry substance contracted at 210®G. (corrected) 
and decomposed at 24:2°C. (corrected). 

0.1000 gm of the substance gave 0 1142 gm of CO 2 and 0 0452 gm of H 

H 2 O. 

0 1000 gm of the substance employed for Kieldahl nitrogen estimation 
required for neutralization 8 8 cc of 0 1 n acid. 

0 3000 gm. of the substance gave 0 0943 gm of MgjPjO? 



Calculated for 



CiHuNsPOg 

Found 


pereenl 

percent 

c 

. 31 66 

31 14 

H 

.4 73 

5 05 

N . 

12 32 

12 32 

P . 

9 09 

8 76 


The optical rotation of the aqueous solution was as follows. 

r ]* ^ +0 26X100 ^ ^ 13 0 

L J” 1X2 


Neutral lead salt was prepared in the following way: 2 0 gm. 
of the neutral ammonium salt were dissolved in 50 cc of water; 
to the solution 10 cc. of glacial acetic acid were added, and to the 
hot solution of the nucleotide a hot solution of neutral lead ace- 
tate was added. Immediately a gelatmous precipitate formed 
which, on boihng, disappeared nearly completely. The solution 
was filtered and seeded with a few crystals obtained from a test- 
tube experunent Crystallization in long needles began immedi- 
ately. The crystals once formed are very little soluble in boil- 
ing water. 

Dried to constant weight the substance had the foUowmg 
composition. 

0 1070 gm of the substance gave 0 0788 gm. of CO 2 and 0 0206 gm of 
H2O 

0 1866 gm of the substance employed for Kjeldahl nitrogen estimation 
required for neutralization 6 90 cc of 0 1 n acid 

0 2782 gm of the substance gave 0 0573 gm. of Mg 2 P 207 



Calculated for 
CsHiiNjPCbPb 

Found 


percent 

percent 

C 

20 40 

20 08 

H . , 

2 10 

2 21 

N . . . . 

5 29 

5 21 

P 

5 86 

5 74 
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Brucine Salt of Uridinphosphoric Acid . — About 4 0 gm. of the 
neutral ammonium salt were converted into the lead salt. This 
was fieed fiom lead by means of hydrogen sulfide and the brucine 
salt was obtained m the usual way. The salt was recrystallized 
twice, each time out of 1,500 cc. of 35 per cent alcohol. 

The air-dry substance effervesced without becoming trans- 
parent at 185°C. (corrected) and contracted and melted without 
further decomposition at 195°C. (corrected) 

The air-dry substance had the following composition. 

0 0996 gm of the substance gave 0 1948 gm of CO 2 and 0 0591 gm of 
H2O 

0 2000 gm of the substance gave 12 8 cc of nitrogen gas at T° = 24“C , 
at P = 759 mm 

0 3000 gm of the substance gave 0 0270 gm of Mg2P20T 

Calculated for 



C»a»NsP0«(Cj3H2(iNs04)2+7H20. 

Found 


par cent 

per cent 

c ... 

. . 53 30 

53 33 

H .... 

6 43 

6 64 

N . 

6 79 

7 35 

P 

2 50 

2 51 


The rotation of the substance, owing to the insolubility of the 
substance, was taken in great dilution, and .was as follows. 

- 0 16 X 100 



ON THE IDENTITY OF THE WATER-SOLUBLE GROWTH- 
PROMOTING VITAMINE AND THE ANTINEURITIC 
VITAMINE. 

By H. H MITCHELL. 

(From the Department of Animal Husbandry, Univeisity of Illinois, TJrhana.) 

(Received for publication, October 13, 1919 ) 

The vitamine requirements of animals have been investigated 
along two distinct Ines; through a study of the nutritive 

deficiencies of rations containing only known chemical compounds, 
and (2) through a study of the prevention and cure of certain 
diseases definitely referable to faulty diet By the first Ime of 
investigation it has been repeatedly demonstrated that, besides 
the w6ll known constituents of plant and animal tissues, the 
higher mammals require for the maintenance of health, and even 
of life, and for the production of normal growth small amounts 
of substances of unknown composition, more or less widely 
distributed throughout natural food products. At least two such 
substances are required. One is associated with certain animal 
fats and fresh leafy vegetables especially, and various'y referred 
to as the Tat-soluble vitamine or growth-promoting substance, 
or as fat-soluble A, a convenient abbreviated term introduced 
by McCollum and Kennedy, which unfortunately has not the 
general currency that it deserves. The other growth-promoting 
substance is never associated with fats, but is especially rich in 
the glandular tissues of animals, hens’ eggs, the embryos of seeds, 
and the leaves of plants It is spoken of as the water-soluble 
growth-promoting vitamine or as water-soluble B (McCollum). 
Any assertion that the common sources of either of these vitammes 
contain only one indispensable substance is based purety upon 
circumstantial evidence 

By the second hne of investigation it has been shown with 
reasonable certainty that there are at least two diseases referable 
to faulty diet, the cause of which, m each case, is a deficiency m 
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the diet of an unknown substance associated with natural food 
products. These two diseases, beri-beri and scurvy in man (or 
polyneuritis in pigeons and scurvy m guinea pigs), are “deficiency 
diseases" in the sense that they may result when an animal 
subsists on food containing all the known and well recognized 
constituents of a complete diet, and may be cured, except for 
serious organic lesions, by adding to such a diet small amounts 
of extracts of certain natural food products. The unknown 
substances involved in the production of these two deficiency 
diseases have been called the antineuritic vitamine and the 
antiscorbutic vitamine, respectively, and their distribution in 
plant and animal tissues, their solubihties, and chemical prop- 
erties have been the subject of a large amount of research. 
Besides these two deficiency diseases, no others are generally 
recogmzed as such. A condition of sore, inflamed eyes, which, 
according to McCollum, should be diagnosed as xerophthal- 
mia, often results from a deficiency of sources of fat-soluble 
A in the diet. While McCollum definitely classifies this con- 
dition as a deficiency disease, it does not seem to be generally 
recognized as such, and a reasonable doubt may exist as to 
whether it invariably results from a deficiency of fat-soluble A 
and whether its etiology does not involve an infection avoidable 
by exercising proper samtary measures alone. ^ 

It is evident that the numerous recent investigations on vita- 
mines that have been undertaken by many workers, especially in 
America and England, have seriously complicated the problem of 
the nutritive requirements of animals. Any experunental evi- 
dence that would simplify this situation would therefore be doubly 
welcome. However, an undue simphfication, based upon insuf- 
ficient evidence, would lead to confusion and might seriously 
impede progress. One possibility that would simplify matters 
would be a clear-cut demonstration that two or more of these 
vitamines are in fact identical That fat-soluble A and water- 
soluble B are identical, or that the antineuritic and antiscorbutic 
vitamines are identical, may be mled out at once on the evidence 
at present available. However, the identity of water-soluble B 
and the antineuritic vitamme is a possibility not definitely dis- 

^ Bulley, E. C , Biochem. J , 1919, xiii, 103 
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posed of in this summary manner In fact, the belief exists in 
many quarters that such an identity exists. This belief ranges 
from positive conviction, through tacit acceptance, to a frank 
weighing of probabilities. On the one hand is the statement of 
McCollum and his go workers that. “Xerophthalmia and poly- 
neuiitis are abundantly demonstrated to have their origin in the 
lack of a sufficient amount of the fat-soluble A and water-soluble 
B respectively in the diet.”^ Evidently as the result of this 
unequivocal attitude of McCollum, some investigators use the 
terms “water-soluble B” and “antmeuntic vitamine” inter- 
changeably Osborne and Mendel are more conservative: 
“Whether or not the antmeuritic component [of yeast] is identical 
with the growth-promoting one is a question which as yet has 
received no definite answer ... Again, after referring 
to studies of the protective, curative, or antmeuritic properties 
of certain animal tissues, they say “That the substance which 
induces the remarkable recoveries which have been described in 
these cases is identical with the water-soluble hormone which is 
so essential for growth and maintenance is as yet merely a matter 
of conjecture.”^ 

In view of the importance of the question of the identity of 
these two vitamines, one essential for the maintenance of life 
and growth, the other foi the prevention of multiple nem’itis, 
and m view of the lack of general acceptance of the affirmative 
statement of McCollum and coworkers, a somewhat searching 
critical consideiation of the evidence may rendei a real service 
in clarifying the issue and indicating the most likely points of 
future attack. 

The conclusion that the two vitamines are identical seems to 
be based upon the following giounds (1) The distribution of 
the two substances m natural food products is very similar and 
the correlation between the actual amounts (in as far as these 
have been measured by biological tests) found in different prod- 
ucts appears to be close. (2) The lack of known sources of water- 
soluble B in the diet of various species of experimental animals 

2 McCollum, E V , Simmonds, N , and Parsons, H T , J Biol Chem ^ 
1918, xxxiu, 413. 

® Osborne, T B , and Mendel, LB,/ Biol Chem , 1917, xxxi, 154. 

* Osborne, T B , and Mendel, L B , / Biol Chem , 1917, xxxii, 311. 
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seems generally, if not always, to result in symptoms of nerve 
degeneration and paralysis. (3) Extracts of natural food products 
possessing growth-promoting properties are said to contain very 
probably only one indispensable vitamme, though supplementing 
satisfactorily a ration containing no other possible source of 
antineuritic vitamme. (4) The solubilities of the two vitamines 
in the common solvents are said to be identical (5) Attempts 
at isolating the two vitamines have shown that they possess 
identical precipitants and adsorbents. (6) The stabilities of the 
two substances, especially to acids, alkalies, and elevated tem- 
peratures, seem to be similar if not identical 
Ciitical analyses of these points are presented in order. 

1. While the distribution of the two vitamines among natural 
food products is strikingly similar in many respects, there are 
some instances where the correlation is not close Through the 
work of Osborne and Mendel,^' it has been shown that green 
vegetables, such as cabbage and spinach, are rather rich sources 
of water-soluble B, compared, for example, with the whole cereal 
grams. McCollum and Kennedy,® however, have found that 
cabbage contains the antineuritic factor in “a quite low con- 
centration,” a conclusion confirmed by some recent work of Chick 
and Hume.^ These investigators have concluded from experi- 
ments on the relative vitamine content of a large range of different 
foodstuffs that fresh and desiccated vegetables, including the 
cabbage, onion, and carrot, are poor sources of the antmeuritic 
vitamme as compared with whole wheat, being about on a par 
with fresh meat Fresh meat is known to be a poor source of 
both watei -soluble B and the antineuritic vitamine,® but, on the 
other hand, the carrot seems to be rich m water-soluble B,® 
though poor in antineuritic vitamine. Again, Chick and Hume 
have found the potato to have a very low content of antineuiitic 
vitamme, having practically no value as a preventive against avian 

Osborne, T B , and Mendel, L B , J Biol Chr.m , 1919, xxxvii, 1S7 
'■> McCollum, E V , and Kennedy, C , J Biol Chpm , 1916, xxiv, 496 
’ Chick, H , and Hume, E M , Tj Soc Trap Med and Hyg , 1916-17, 
X, 156 

s 0‘^bonie, T B , and Mendel, LB,/ Biol Chem , 1917, xxxii, 309 
■Cjovei , E A , J hi.g , 1912, xii, 436, 1914, xiv, 12 

'* iSugiuia, K , and Benedict, SR,./ Biol Chem , 1918, xxxvi, 171, 191. 
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polyneuritis, a result confirmed by Vedder and Clark, though 
McCollum and Kennedy claim that potato juice possesses a 
moderate curative power As regards its content of watei -soluble 
B, however, McCollum, Simmonds, and Parsons^^ have shown 
that the potato, when constituting 84 5 per cent of the ration of 
rats, provides enough of this vitamine for noimal grow'th. 
Chamberlain, Vedder, and Wilhams^® found water extract of 
unions to have no curative effect on polyneuritic pigeons, though 
Osborne and Mendeb® discovered considerable water-soluble B 
in this food as well as in turnips, beets, and tomatoes. 

The green vegetables, and roots and tubers seem in general, 
therefore, to contain rich or moderate amounts of the growth- 
promoting water-soluble vitamine, and small amounts or none 
at all of the antineuritic vitamine. If this relation is abundantly 
confirmed by future research, it may of itself effectively dispose 
of any contention of the identity of the two vitamines The 
evidence as it stands, however, does not amount to finahty for 
several reasons. Much recent work has shown that the vitamine 
content of fresh vegetables, and roots and tubers is extremely 
variable, depending apparently on the freshness and maturity 
of the material. No experunents appear to have been carried 
out on the antineuritic and the growth-promoting properties of 
the same vegetable samples. Again, the experimental polyneu- 
ritis of pigeons IS almost invariably induced bv a diet of polished 
rice in investigations on the comparative antineuritic pioperties 
of foods. Pohshed rice, however, is defective in seveial factors 
besides the antineuritic factor. It is therefore probable that foods 
contaimng comparable amounts of this vitamine may be 
unequally effective in preventing or curing the polyneuritic symp- 
toms, depending upon the extent to which they supplement 
polished rice in these other respects. Conversely, foods con- 
taming unequal concentrations of the antineuritic principle may 
have their relative values as soui’ces of the vitamine distorted for 

Vedder, E B , and Clark, E ,P/ubppme / Sc ,SedionB,\^l2,vii,^Z 

McCollum, E V., Simmonds, N , and Parsons, 11 T , ./ Biol Chem , 
191S, xxxvi, 208 

Chambeilam, W P , Vedder, E B , and Williams, R R , Philippine 
J Sc , Sedion B, 1912, vii, 45. 

13 Osborne, T B , and Mendel, L B , J Biol Chem , 1919, xxxix, 29 



404 Growth-Promoting and Antineuritic Vitamines 

the same leason. The argument is illustrated by the experience 
of Campbell and Chick with scorbutic rations A ration of 
oats, bran, and water produces death fiom scurvy in guinea pigs 
in 3 to 4 weeks. However, the addition of 60 cc of autoclaved 
milk, a food containing no demonstrable antiscorbutic value, 
delays the onset of scurvy from 1 to 3 weeks, evidently simply 
by correcting the deficiencies of the basal ration in factors other 
than the antiscoibutic. 

Further ‘evidence, out of harmony with the assumption that 
watei -soluble B and the antineuritic vitamine are identical, is 
afforded by experiments on unpohshed rice McCollum and 
Davis^® have shown reason to believe that unhusked nee is ade- 
quately supplemented by casein, salts, and butter fat, similar to 
the othei ceieal seeds Gibson and Concepcion,^® however, report 
experiments on pigeons indicating an incomplete protection against 
polyneuritis afforded by an exclusive diet of unhusked rice. Six 
fowls weie fed on palay (unhusked rice), three for 2 months, 
two for 3 months, and one for 4 months. While they de- 
veloped no symptoms of nemitis in this time, on postmortem 
examination, the sciatic nerves showed distinct degeneiative 
changes m every case on being stained by the Marchi method. 
The degeneration corresponded to that obtained with birds fed 
for 2 weeks or more on milled rice. In fact, the degeneration 
in two of the birds was more pronounced than can be observed 
in some subjects that have died of rice polyneuritis. In the case 
of man, also, analogous results have been reported. 

2. The lack of known sources of water-soluble B in the diet of 
rats has frequently been said to result in symptoms of paralysis 
of the hind legs, and the conclusion has been drawn that a well 
defined neuritis existed. Such symptoms, however, are not uni- 
versally noted as a result of subsistence on rations totally lacldng 
m water-soluble B,^® and the conclusion that they invariably 

Campbell, MED and Chick, H , Lancet, 1919, u, 320 
McCollum, E V , and Davis, M , J Biol Chem , 1915, xxiii, 230 
“ Gib^n, E B , and Concepcion, I , Phhpinne J Sc , Section B, 1914, 
IX, 119 

Strong, R P , and Crowell, B C , Philippine J Sc , Section B, 1912, 
vii, 414 Shibayaraa, J Trap Med and Hyg , 1913, xvi, 284 

Osborne, T B , Wakeman, A. J , and Ferry, E L , J. Biol Chem , 
1919, xxxix, 35 ** 



H. H. Mitchell 


405 


develop cannot be verified Even when animals do develop such 
sjunptoms it does not seem^ to be specific to a deficiency of this 
vitamine. Hart^ Miller, and McCollum’-® report expeiiments on 
pigs on a large number of rations, leading m many cases to 
paialysis of the hind quaiters, and, as brought out by the histo- 
logical examination of sections of the spinal cord, to marked 
edema and degeneration of the motor cells. They conclude from 
this work. 

“Malnutrition, histologically chaiacterizedby nerve degeneiation, may 
result trom the absence of certain factois in the diet as in the case of 
beri-beri A similar condition may likewise arise fiom the presence of 
toxic materials in appaiently normal food products, and m the presence 
of all knoivn factors essential for contmued grow'th and well-bemg ” 

It can hardly be contended, therefore, that the appearance of 
neuritic conditions in expeiimental animals is an unequivocal 
indication of a deficiency in antineiiritic vitamine 

3. The existence of two indispensable unknowm substances in 
water and alcohol extracts of natural foods is doubted by McCol- 
lum and Simmonds^® on the basis of the foUowmg evidence. 

“In the experimental part of this paper it is shown that the water- 
soluble B IS not extracted directly from beans, wheat germ, or pig kidney 
by ether, benzene, or acetone, but is readily extracted m great part by 
alcohol. After being removed by alcohol it is shown to be soluble m 
benzene, but very slightl}’- soluble in acetone The probability that there 
should be two or more physiologically indispensable substances m what 
we term w'ater-soluble B, both or all of -which should show the same solu- 
bility relations with three solvents, is relatively small and lends support 
to our view that the substance which protects animals against polyneuiitis 
is the only essential complex in the extracts described.” 

While the argument is directed particularly against the theory 
that scurvy is a deficiency disease, it is just as forceful against 
any theory that water-soluble B and the antineuiitic vitamine 
are not one and the same thing Thus, McCollum’s theory of 
the nutritive reqmrements of animals, which, because of its 
simplicity and the, unequivocal terms in which it is stated, has 

Hart, E B , Miller, W S , and McCollum, E V , /" Biol Chem f 
1916, XXV, 239 

McCollum, E V , and Simmonds/ N , J Biol Chem , 1918, xxxiii, 62, 
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gamed many advocates, has no room for two vitammes possessing 
the solubilities of water-soluble B. The argument is not par- 
ticularly impressive, being entirely of a circumstantial character. 
In fact, it IS quite conceivable that the treatment of natural foods 
with boiling alcohol breaks up combinations of vitammes with 
other substances, so that removal of the water-soluble B by this 
solvent may have been a combination of chemical and purely 
solvent action A crucial experiment that would dispose of this 
possibility would have been to boil the food with alcohol in a 
reflux condenser for a short time only, evaporate off the alco- 
hol, and then test with acetone and benzene for extraction of 
the active substance. 

4 The solubilites of the water-soluble B and the antineuritic 
vitamine are very largely similar Both aie soluble m watei 
and dilute alcohol and are ordmarily stated to be insoluble m fat 
solvents. Solubility m absolute alcohol is variously stated for 
both substances. Osborne and Mendel, and Drummond^^ claim 
that the water-soluble growth-promoting substance of yeast is 
insoluble m absolute alcohol, and McCollum and Simmonds^® 
have found it to be only incompletely soluble m 95 per cent 
alcohol. On the other hand, Eijkman^^ claims that the anti- 
neuritic substance of yeast is extracted by strong alcohol. The 
neuritic curative substance of rice polishings has been repeatedly 
extracted by Funk®® and Fraser and Stanton®^ by absolute alcohol 
and appears to be readily soluble m this reagent. Cooper® has 
also shown that the antineuritic vitamme of dried beef is extracted 
by absolute alcohol, and that the constituent of egg yolk that 
cures polyneuiitis m pigeons is readily extractable with ether®® 
from the dried yolk After extraction with ether, a fuither yield 
was obtained from the lesidue by means of absolute alcohol. 

While the evidence for the solubility of the two vitammes in 
alcohol IS incomplete and somewhat conflicting, though lending 

Osborne, T B , and Mendel, LB,/ Biol Chem , 1917, xxxi, 15S 
Dri'mmond, J G , Biochem J , 1917, xi, 261 

Ei]kman, C , Arch Schiffs- u Tiopenhyg , 1911, xv, 698 
Funk, C , J Physiol , 1911-12, xlin, 395 
Fra.ser, H , and Stanton, A T , Lancet, 1910, ii, 1755 
McGolltm and his cowoikers have repeatedly shown that water- 
soluble B IS not extracted by ether from food mateiials 
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suppoit to the conclusion that the gi’owth-promotmg factor is 
considerably less soluble than the antineuritic, some clear-cut evi- 
dence exists of a distinct difference m solubility in acetone and 
benzene, mainly from the work of McCollum and his associates. 
Thus, McCollum and Kennedy®® conclude from many experi- 
ments on the curative properties of various extracts of wheat 
embryo for polyneuritic pigeons that acetone and benzene ex- 
tract from this material, previously rendered fat-free by exti action 
with ether, the substance which reheves the symptoms of poly- 
neuritis in pigeons. Alcohol (95 per cent), water, acetone, and 
benzene extracts of fat-free wheat embryo were all shown to be 
capable of curing polyneuritic pigeons, and, as far as can be 
judged from the protocols of the experiments, the cuie was just 
about as readily accomphshed with acetone and benzene extracts 
as with alcohol and water extracts. At most, the superiority of 
the latter was shght 

Entirely different results were obtained by McCollum and 
Simmonds®'^ in later investigations on the solubility of water- 
soluble B. In investigating the growth-promoting properties of 
extracts of raw and cooked navy beans, wheat embryo, and pig 
kidney added to a basal ration deficient only in water-soluble B, 
they were able to show that acetone and benzene do not extract 
the water-soluble B from these products to any appreciable extent. 
Slight indications that the acetone extract carried traces of this 
vitamine were encountered, but they were still led to beheve that 
most of the substance remained in the residue. This work con- 
firmed some previous work by McCollum and Davis®® on the 
supplementary action of acetone extracts of wheat embryo on 
polished rice After extraction of the water-soluble B by alcohol, 
it was found by McCollum and Simmonds to be only slightly 
soluble in acetone, and many times more soluble in benzene 

^ McCollum, E V , and Kennedy, C , J Biol Chem , 1916, xxiv, 491. 

^ McCollum, E V , and Simmonds, N , J Biol^ Chem , 191S, xxxiii, 55 

28 McCollum, E V , and Davis, M , J Biol Chem , 1915, xxni, 229, 230 
This mvestigatioii .and the pieceding one aie open to the ei iticism that 
no food intake lecordsaie given in ordei that theieadei may judge whether 
a change m ration was effective by reason of a difference in food intake 
01 of a difference in food composition, and also that the expeiimental 
periods were often too shoit to indicate any effect at all 
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Recently Steenbock^® has reported that by means of neutral 
solvents there was prepared a water-acetone-soluble fraction from 
egg yolk which in small doses by mtraperitoneal iniections was 
able to cure a pigeon suffering from polyneuritis. 

Prom the work quoted, therefore, the evidence lends support 
to the conclusion that the water-soluble B is not extracted from 
food materials to any appreciable extent by either acetone or 
benzene, and that when extracted it is still only shghtly soluble 
in acetone, though readily soluble in benzene. The antineuritic 
vitamine, however, seems to be readily extracted from wheat 
embryo by acetone and benzene, and to be readily soluble in both 
of these solvents. 

5. Attempts to isolate the antineuritic vitamine from rice 
pohshmgs and yeast have been much more numerous and have 
given more definite results than similar attempts with the watei- 
soluble B. The antineuritic vitamine has been shown to be 
quantitatively precipitated by phosphotungstic acid in 5 per cent 
sulfuric acid solution, giving a phosphotungstate insoluble in 
acetone It is also completely precipitated by silver nitrate and 
barium hydroxide, only partially precipitated by mercuric chloride, 
and IS not precipitated byplatmic chloride. It is quantitatively 
adsorbed by animal charcoal, fullers’ earth, and by hydrated 
aluminium silicate (Lloyd’s reagent). The antineuritic vitamine 
is also dialyzable 

Funk and Macallum®'’ have attempted a sunilar fractionation of 
the water-soluble B from yeast with indifferent success They 
showed that phosphotungstic acid precipitated the growth-pro- 
moting substance, and that the filtrate from this precipitation was 
inactive. However, only a small fraction of the growth-pro- 
moting capacity of the yeast was found to have survived this 
precipitation. Subsequent decomposition of the precipitate and 
reprecipitation with silver nitrate and baryta precipitated a 
fraction, whose growth-promoting effect was “not sufficiently 
marked to encourage further mvestigation.” Lloyd’s reagent 
was also used as a precipitant without much success, as the rats 
on the filtrate also showed increments in growth. According to 
the authors; 

Steenbock, H , J Biol Chem , 1917, xxix, p xxvii 
*0 Funk, G , and Macallum, A B , J Biol Chem , 1916, xxvii, 63 
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'^‘The results obtained so fai clearly indicate that the growth-promot- 
ing substance is analogous to and possibly identical with the ben-ben 
vitamine . . . However, it must be admitted that while it is un- 
certain whetber these two substances are chemically different, the results 
obtained do not exclude such a possibility ” 

Eddy®^ showed that the water-soluble portion of the alcoholic 
extract of sheep pancreas contains a substance capable of inducing 
marked increase in growth when added to a ration very low, if 
not lacking, in vitamines. This substance was removed from the 
extract with Lloyd’s reagent, though the completeness of removal 
was not tested- It was also precipitated by phosphotungstic acid. 
A criticism of the work of Funk and Macallum and of Eddy is 
that the basal ration used m making the biological tests, besides 
their deficiency of water-soluble B, could not have contained more 
than a trace of fat-soluble A 

A more extensive and better planned experiment was reported 
by Drummond,®^ investigating the water-soluble B from yeast. 
Drummond was able to show that the growth-promoting sub- 
stance IS dialyzable. From the dialysate phosphotungstic acid 
precipitated a fraction possessing very sUght groivth-promoting 
activity, while the unprecipitated fraction possessed none. The 
■distmction between the two fractions was slight and in the 
absence of food intake records is not susceptible of uneqmvocal 
interpretation. In another experiment, better growth curves 
were obtained when the fraction represented by the phospho- 
tungstates insoluble in acetone was used than when that con- 
tained in the phosphotungstates soluble in acetone was used. 
Even smaller differences were observed between the growth 
curves of these two groups, however, than in the preceding 
experiment. Upon fractionation of yeast dialysate with silver 
nitrate and baryta, the precipitate produced with silver nitrate 
(purine fi action) had no effect on growth, while that produced 
on the further addition of baryta (pyrimidine fraction) contained 
small traces of vitamine. 

While Drummond’s results support the view that water- 
soluble B and the antmemltic vitamine are identical, they do 
not constitute a demonstration. The lack of food intake records 
comphcates their interpretation, while the large losses of vita- 

Eddy, W H , J Biol Chem , 1916, xxvii, 113 
Drummond, J C , Biochem J , 1917, xi, 255 



410 Growth-Promoting and Antineuritic Vitamines 


mine as soon as precipitation was resorted to finds no parallel in 
analogous work with the antineuritic substance. For example, 
Funk showed that the water solution of an alcoholic extract of 
nee polishings when tested on pigeons suffering from polyneuritis 
was effective m doses correspondmg to about 20 gm. of the 
original pohshings. On precipitation of the solution with phos- 
photungstic acid, decomposition of the precipitate with baryta, 
precipitation of the excess barium with sulfuric acid, neutrali- 
zation and evaporation in vacuo, and extraction of the residue 
with absolute alcohol, the extract was found to be effective as a 
curative for polyneuritic pigeons in doses corresponding to about 
40 gm. of the original polishings This would indicate a loss of 
some 50 per cent m antineuritic efficiency, a much* smaller loss 
than seems to result with water-soluble B, even when the manipu- 
lations after the phosphotungstic acid precipitation are simplified 
by decomposing the precipitate with an amyl-alcohol-ether mixture, 
and eliminating the absolute alcohol extraction. The ready 
adsorption of water-soluble B by precipitates of all descriptions 
postulated by Drummond, in explaining the large losses during 
chemical manipulation, does not seem to be a property of the 
antineuritic vitamine. Thus, Emmett and McKim^® show that 
while this vitamine is adsorbed by fullers’ earth and Lloyd’s 
reagent it is not adsorbed by the kieselguhrs or infusorial earths, 
indicating a selective adsorption by the former. Being readily 
dialyzable, there seems to be no compeUmg reason for believing 
it to be indiscriminately adsorbed by precipitates of all kinds. 

6. The stability of both water-soluble B and the antineuritic vita- 
mine to acids seems to be great Even boiling the vitamines with 
concentrated mineral acids does not seem to destroy them to any 
appreciable extent, though some results reported by Drummond®* 
may be interpreted as indicating a partial destruction of water- 
soluble B by boihng with 20 per cent sulfuric acid for 10 hours, a 
result not m harmony with the work of Funk on antineuritic 
vitamine. Both vitamines seem to be stable to even concen- 
trated alkalies at room temperature.®'^ At the boilmg tempera- 

33 Emmett, A D , and McKim, L H , / Biol Chem , 1917, xxxii. 409 

3^ The conclusion of Fraser and Stanton (Fraser, H , and Stanton, 
A T , Lancet, 1915, i, 1021), to the effect that exposuie of antmeuntic 
preparations to 0 5 per cent sodium hydroxide at room temperature vei y 
quickly destroyed their curative piopeities for polvneuritic pigeons, has 
not been confiimed by lecent investigations 



H. H. MitcheE 


411 


ture the antineuritic vitamine seems to be very rapidly destroyed 
by alkahes,^** though experiments on this pomt are too few to 
warrant drawing definite conclusions. Water-soluble B does not 
seem to be destroyed particularly rapidly by dilute alkalies at 
high temperatures. While Drummond®^ found that hot 5 per cent 
sodium hydroxide in 5 hours tends to destroy the growth-pro- 
moting properties of yeast preparations, Osborne, Wakeman, and 
Ferry^® were unable to detect the slightest destruction of this 
vitamme in dry brewers’ yeast after digesting for 21.5 hours 
with 0.1 N sodium hydroxide and subsequently heatmg on the 
water bath for 2 hours. The conflicting results of McCollum 
and Simmonds,®° and of Daniels and MeClurg®® on alkah of greater 
strength cannot at present be evaluated. For the proper solution 
of the question, food intake records must be considered. 

While both water-soluble B and antineuritic vitamme do not 
seem to be destroyed by long exposure to a temperature of 100°C. 
or even slightly higher, the evidence is conflictmg for tempera- 
tures of 120°C. Early investigations on the antmeuritic vita- 
mme m general substantiate the conclusion that 1 to 2 hours 
exposure to this temperature either totally destroys the antineu- 
ritic efficiency or markedly lowers it The recent systematic 
investigation of Chick and Hume®® mdicates that the curative 
properties of wheat embryo and yeast extract are rapidly 
destroyed at 120°C. Wheat embryo, heated at 118-124°C. for 2 
hours, failed to effect a complete cure of polyneuritis in pigeons 
when given in doses four times as large as the effective dose of 
unheated embryo. Heated at 110-117°C. for 40 mmutes, it 
required more than twice as much embryo Expeiiments with 
yeast extract showed a slower destruction of the antmeuritic sub- 
stance, since when heated at 120°C. for 2 hours 10 cc of extract 
seemed to be as effective in curative action as 4 cc. of the 
unheated extract 

Unfortunately no strictly quantitative work on the effect of heat 
on water-soluble B, comparable to the investigations of Chick 
and Hume on the antineuritic vitamme. has been reported. 
McCollum and Davis®^ have shown that rats grow normally on 

Daniels, A L , and McGlurg, N I , .7 Biol Chem , 1919, xxxvu, 201 

3** Chick, H , and Hume, E M , Proc Roy Soc London, Senes B, 
1917-19, xc, 60 

McCollum, E V , and Davis, M , / Biol Chem , 1915, xxiii, 247 
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rations containing 10 per cent of evaporated whey, heated in an 
autoclave at 15 pounds pressure (120“C.) for 1 hour, as the sole 
source of water-soluble B. In view of the low content of milk 
in this vitamine it does not seem probable that any appreciable 
destruction could have occurred m this experiment. In another 
experiment, 13.3 per cent of wheat embryo heated m the auto- 
clave for 1 hour served as the sole source of water-soluble B, 
supporting normal growth and reproduction McCollum, Sim- 
monds, and Pitz^® showed that rations containing as low as 25 
per cent of navy beans, moistened, and heated m the autoclave 
for 75 minutes at 15 pounds pressure, supported normal growth and 
reproduction m rats Daniels and McC urg®® heated navy beans, 
soy beans, and cabbage in a pressure cooker for 15 to 40 minutes 
at 120°C and found them to be suitable sources of water-soluble 
B in the ration of rats when included m excessive amounts. No 
definite conclusions can be deduced from this experiment, how- 
ever, as to the rate of destruction of the vitamine if any 
destruction occurred. Drummond®® found that heating yeast dialy- 
sate for 30 minutes at 120°C impaired its value as a source of 
water-soluble B, but the growth curves illustratmg Ins experiment 
afford no basis for assummg any great destruction of vitamine, 
since only 6 per cent of the preparations tested was mcluded m 
the rations as the sole source of water-soluble B. 

The experiments just reviewed on the stabilities of the water- 
soluble gro-wth-promoting vitamme and of the antineuritic vita- 
mine, afford no sure basis of distinction though they are sug- 
gestive as indicating a greater stability of the former to hot 
alkah and to temperatures above 100°C. 

In evaluating the data on the occurrence and properties of the 
two vitammes cited above, there seems to be very good reason 
for doubtmg their identity. In settling the question definitely, 
however, there is need of experiments m which different foods and 
preparations from foods are tested both for their growth-pro- 
motmg properties and then curative effects on polyneuritic 
pigeons. Until such work is done m a quantitative way, dog- 
matic assertion that a lack of water-soluble B leads to poly- 
neuritis or beri-beri, or an interchangeable use of the terms 

s® IvLcCollum, E. V , Simmonds, N , and Pitz, W , J Biol Chem , 1917, 

XXIX, ^1. 
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“water-soluble B” and “antineuritic vitamine” serves no purpose, 
tending rather to impede progress in this direction. It is sig- 
nificant that while many investigators m nutrition regard the 
etiology of beri-beri as definitely cleared up, the medical pro- 
fession m those parts of the world where beri-beri is endemic are 
not at all eonvmced of the fact, and still believe that a definite 
infection is involved along with malnutrition,®® Furthermore, 
Gibson and Concepcion^® say that m the Philippme Islands the 
therapeutic use of rice bran or extracts and preparations of rice 
bran has not given the specific results for man which were ex- 
pected from theoretical considerations of the etiology of the 
disease, although the mortality has been greatly reduced. Wil- 
liams and Johnston'*® also are veermg away from the orthodox view 
of the cause of beri-beri m favor of a toxic view^ They have 
been able to transmit polyneuritis to a pigeon, subsisting on un- 
husked rice, by feedmg it the minced internal organs of birds 
that had died of the disease. This bird, 9 days after the ingestion 
of the diseased organs, developed all the typical symptoms of poly- 
neuritis precisely as do birds fed on polished nee. The 2nd day 
thereafter the bird became completely prostrated, displayed in- 
creasingly severe retraction of the neck and labored breathing, 
and died. In view of such reports it cannot be doubted that 
many points m the etiology of polyneuritis and of ben-ben still 
need to be cleared up, and that premature deductions from a 
limited amount of experimental data do not hasten but can 
only defer the ultimate solution. 

See for example the discussion by medical men of the paper of Chick 
and Hume presented befoie the Society of Tropical Medicine and Hygiene 
(Chick, H , and Hume, E M , Tj Soc Trap. Med and Hyg , 1916-17, 
X, 179-1S6) 

^“Williams, R R, and Johnston, J A., Philippine J Sc, Section 
B, 1915, X, 337 




THE STRUCTURE OF YEAST NUCLEIC ACID. 

IV. AMMONIA HYDROLYSIS. 
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(Received foi publication, November 1, 1919 ) 

The tetranucleotide theory of the structure of yeast nucleic 
acid was first enunciated by the writer^ and was subsequently 
conclusively demonstrated by the experimental evidence fur- 
nished by Levene and Jacobs,^ and by Levene and La Forge.® 
The facts on which the theory was based were first, the isolation 
of four nucleosides, second, the isolation of simple pyrimidine 
nucleotides These were obtained on partial hydrolysis of yeast 
nucleic acid The third fact, important for the development of 
the theory, was the elucidation of the order of linkage of the 
components of one simple mononucleotide ^ 

The experimental data obtamed until that phase of work 
permitted no rational formulation of the mode of linkage be- 
tween individual mononucleotides Our original graphic repre- 
sentation of the entire molecule of yeast nucleic acid had only an 
arbitrary schematic sense In a publication on thymus nucleic 
acid, Levene and Jacobs made that point clear. Owing to pres- 
sure of other work, our own investigations into the problem of 
the linkage of the mononucleotides was making slow progress, 
when Thannhauser with his collaborators,® and Jones with his 
collaborators® entered the field of nucleic acid study 

1 Levene, P A , Biochem Z , 1909, xvu, 121 ' 

- Levene, P A , and Jacobs, W A , Ber. chem Ges , 1909, xlu, 2475, 27f)3, 
1910, xhu, 3151, 1911, xhv, 1027 

3 Levene, P A , and La Forge, F B , Ber chem Ges , 1912, xlv, 608, 
3164 

* Levene, P A , and Jacobs, W A , Ber chem Ges , 1908, xli, 2704; 
1909, xlu, 335, 1198 

® Thannhauser, S J , Z physiol Chem , 1914, xci, 329 Thannhauser, 
S J , and Dorfmuller, G , ibid , 1917, c, 121 

® Jones, W , and Richards, A E , J Biol. Chem , 1914, xvii, 71. Jones, 
W , and Germann, H C , ibid , 1916, xxv, 93 Jones, W , and Read, B E , 
ibid , 1917, XXIX, 123; xxxi, 39. 
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By means of either enzyme action or by methods of chemical 
hydrolysis, they obtained intermediate substances which were 
regarded by them as di- and trinucleotides. 

The methods of hydrolysis employed by them in some instances 
were identical with those employed by us in other instances, 
slightly modified The method of separating simple nucleotides 
as their brucine salts was also introduced by us. 

Thannhauser first announced the isolation of a trinucleotide 
from the products of digestion of nucleic acid by enzymes Later, 
Thannhauser and Dorfmuller hydrolyzed nucleic acid by means 
of 25 per cent ammonia and supposedly cleaved the molecule 
into uridinphosphonc acid and a trinucleotide containing the 
remaining three nucleotides. On acid hydrolysis with 2 per cent 
sulfuric acid these authors obtained only uridinphosphonc acid. 
This publication appeared in Germany in 1917 and did not reach 
us until 1919. In 1914, Jones and Richards described experi- 
ments by which they thought they had cleaved nucleic acid into 
two dinucleotides, guanm-cytosine, and adenin-undm .dinu- 
cleotides. Subsequently, Jones and his eoworkers described the 
same two dinucleotides which they obtained on hydrolysis of 
yeast nucleic acid by heating the acid in an autoclave in a 2 5 
per cent ammoniacal solution for 1| hours at a temperature of 
IIS^C. On the other hand, on hydrolysis by means of dilute 
acids, Jones and Read described a cytidin-uracil dinucleotide. 
On the basis of their respective findings, Jones and Thann- 
hauser presented theories of the mode of linkage between the 
nucleotides. 

According to Jones the structure of yeast nucleic acid is as 
follows . 

OH\ 

O^P-OaHrOa • CjH4N6 
OH/ I 

O 

OH\ I 

0 = P - O CsHtO . C^HsNaOa 
OH/ I 

0 

0H\ i 

O^P-OGsHsO . 04H<Na0 
OH/ I 

0 

0H\ I 

0 = P - O.CbHtOi . CbH^NbO 
OH/ 
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Thannhauser, on the other hand, presents the linkage of the 
nucleotides in the following way.'^ 
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’’ In Thannhauser’s representation there is an oversight in regard to the 
cytidin linking. 

It IS given It should be 

R - N - CNHz R - N - CH 
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These theories are based on the following considerations: 

That of Jones on the assumption of the reality of the dinucleo- 
tides, and on the observations that the so called dmucleotides 
are tetra-basic. The theory of Thannhauser is based on the 
assumption of the belief in the reality of the trinucleotide, and 
second, on the fact that the so called trinucleotide is hexo-basic. 

In previous communications we have criticized the conclusions 
of these writers, on the assumption that their observations were 
correct ® In a later commumcation,® we have shown that the 
cytidm-undm dmucleotide was a mixture of uridin and cyti- 
dm mononucleotides. Uridinphosphoric acid was obtained as 
a crystalline barium salt. It may be mentioned here that optical 
rotation of the crystalline salt air-dry was [ 0 ;]“ = 3 5, or dry and 
barium-free [a]” = 5 83, whereas Thannhauser and Doifmuller 
found for their uridinphosphoric acid + 14.4. 

On the other hand the barium salt of the cytidmphosphoric 
acid had the optical rotation of [a]” = + 14 0 or barium-free 
and dry [aln = +23.3 which agrees with the recent finding of 
Thannhauser for the crystalline cytidmphosphoric acid, which 
was [q:]d = 23 Thus it is possible that the substance described 
by Thannhauser as uridinphosphoric acid was of a lesser degree 
of purity than that of the cytidmphosphoric acid. 

In a still later publication^^ we reported on the finding that the 
so called cytidm-uridm dmucleotide was fractionated by us into 
uridinphosphoric and adenosmphosphonc acids. The former 
was identified as the crystalline barium salt, the latter as the 
brucine salt, which at the time of that publication was con- 
verted into the barium salt Since from a large quantity of 
brucine salt there was obtained only a small quantity of a barium 
salt analyzing satisfactorily for the salt of the adenosm nucleo- 
tide, the publication of the analytical data on that nucleotide 
was delayed It was subsequently found that adenosmphos- 
phoric acid is identified most conveniently as the free acid. Crys- 
taUme adenosinphosphoric acid was described by Jones and 
Kennedy the substance obtained by us differed from that of 

* Levene, P A., / Biol Chem , 1917, x^xi, 591 
^ Levene, P A., Proc Soc Exp Biol and Mod , 1917, xv, 21 
“ Levene, P A , J Biol Chem , 1918, xxxiii, 425 

“ Jones, W., and Kennedy, R P ,/ Phaunacol and Exp Theiap , 1919, 
xiii, 45 
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Jones only in the fact that our material dried m air contained no 
crystal water, whereas the substance of Jones contained one 
crystal water. The optical rotation of our substance is [a:]“ = 
— 38.5 Whereas the rotation of adenosinphosphoric acid re- 
mains constant either in water or in 5 per cent ammonia water, 
the rotation of guanosinphosphorie acid shows a marked increase 
m its levorotation in ammonia water This point may serve for 
differentiation between the two nucleotides. Thus it is proven 
that the adenm-uridm dinucleotide is a mixture of two mono- 
nucleotides. 

The fraction which was originally regarded by Jones as a 
guanm-cytosme dinucleotide, and from which Read isolated an 
amorphous guanylic acid, was also found by us to consist princi- 
pally of guanosinphosphorie acid In addition a small pro- 
portion of uridmphosphoric acid was found in this fraction. 
The presence of the latter nucleotide might have escaped isolation 
if not for its recently described property of forming a crystalline 
lead salt 

The guanylic acid was isolated in a crystalline form, and consti- 
tuted the greater part of the fraction 

The method of hydrolysis employed by us consisted in heating 
the nucleic acid in a 2.5 per cent aqueous ammonia solution for 1 
hour at 100°C Thus the treatment was milder than the one 
employed by either Jones or Thannhauser Thus the present 
findings nulhfy the experimental evidence m support of the 
theories of Jones and of Thannhauser. From the theoretical 
point of view, the theory of Thannhauser is not very tenable for 
the reason that a carbon to carbon-hnkmg implies a very strong 
union, whereas the polynucleotide is readily dismembered into 
mononucleotides Thannhauser, in fact, accepts it himself with 
great reserve. As regards the ether-hnkmg accepted by Jones, 
it must be remarked that, as a rule, an ether-lmkmg repre- 
sents a very firm union If one accepts that this rule does not 
apply to carbohydrates linked in ether form, he should present 
experimental evidence m support of this view 

However, if the work of Jones and of Thannhauser failed to 
support their speculations regarding the mode of linkage of the 
mononucleotides, it has been of great importance in furnishing 
further proof of the nucleotide structure of jj-east nucleic acid; 
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and also, in making it possible to show that the molecule of 
nucleic acid is readily decomposed into mononucleotides, and! 
that the linkage between all nucleotides is of the same order 
On the basis of considerations such as these the linkage of the 
nucleotides could be expressed most simply in the following way: 


OHs^ 

0=p-0-"CsH702 
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0 = P - 0 - CfiHTOa • C 4 H 8 N 2 O 2 



0 


O^P’-O-CsHfOa CsHiNs 

For the present this form expresses the facts known about the 
structure of yeast nucleic acid New facts and new evidence 
may cause its alteration, but there is no doubt as to the poly- 
nucleotide structure of the yeast nucleic acid. 

It is unfortunate that, owing to war conditions, the work of 
Thannhauser was not known to us earlier, also that apparently 
our work was not known to Thannhauser. 


EXPEEIMBNTAL. 

The mode of hydrolysis was practically the same as that de- 
scribed in a previous communication,’-” with a difference m one 
detail; namely, the temperature of the autoclave was maintained 
at lOO^C. 

Treatment of the 'product of hydrolysis was also the same as 
described in that commumcation, and essentially the same as 
employed by Jones and his collaborators. The fraction precipi- 
tated by 98 per cent alcohol will be referred to as guanin fraction, 
and that remaining in solution as adenin fraction. 
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Adenin fraction was treated in exactly the same manner as 
that described m the previous communication. The brucine salt 
was recrystallized nine times with boiling 35 per cent alcohol 

The crystalline deposit consisted of uridinphosphoric acid pre- 
viously described. The first three mother hquors, on concen- 
tration, gave a brucine salt containing C = 53 00, H == 6.40, and 
N = 10 per cent. The subsequent six mother liquors, on con- 
centration, gave a brucine salt containing N = 8.5 per cent. 

The brucine salt of the first three mother liquors was trans- 
ferred into the ammonium salt Originally the ammomum salts 
were converted into the barium salt Barium salts, having ana- 
lytical value sufl5.ciently approaching that required by the theory, 
were obtained only after many purifications which were asso- 
ciated with much loss. Finally, an attempt was made to trans- 
form the ammonium salt into the free nucleotide. This was 
accomphshed without difficulty m the following manner. To the 
hot solution of the ammonium salt, while the mixture was 
agitated, a hot solution of neutral lead acetate was added in a 
slow stream. When the necessary volume of lead acetate (25 
per cent solution) was added, the mixture was brought to a boil 
and filtered The precipitate was washed in a mortar and filtered ; 
the operation was repeated three tunes. Finally the precipitate 
was suspended in water, treated with hydrogen sulfide, and the 
filtrate from lead sulfide was concentrated under diminished 
pressure at room temperature. On standing, adenosmphos- 
phoric acid crystallized in long needles' resembling the free nucleo- 
side. The substance differed from that described by Jones in 
that it crystallized without crystal water. The analysis of the 
air-dry substance was as follows: 

0 1010 gm of the substance gave 0 1268 gm of COi and 0 0368 gm of 
HiO 

0.1000 gm of the substance employed for Kjeldahl nitrogen estimation 
required for neutialization 14.26 cc of 0 1 N acid 

0 3000 gm of the substance gave 0 0940 gm of MgaPaO? 
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The optical rotation of the substance in aqueous solution was 
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In a solution of 5 per nent ammonia water the rotation was 
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Hydrolysis of the Adenosinphosphonc Acid. — 2 gm. of the sub- 
stance in 35 cc. of 1 per cent sulfuric acid were boiled over flame 
with reflux condenser for 1 hour. The product of hydrolysis 
was neutralized with sodium hydroxide and to the neutral solu- 
tion aqueous picric acid was added as long as a precipitate 
formed The precipitate was dissolved in Jiot w^ater and allowed 
to crystallize 

The analysis of the air-dry substance was as follows 


0 1000 gm of the biibstance gave 26 2 ce of nitrogen gas at T°== 26“C and 
P = 752 mm 


* Calculated 

for CbHsNis CcHsCOH) (N02)3+H!!0 Found 


N 


per cent per cent 

29 32 29 60 


The substance decomposed at 177®C (uncorrected) . 

Brucine Salt of Adenosinphosphonc Aad — 2 gm. of the nucleo- 
tide were dissolved in hot water and the solution was neu- 
tralized with a solution of brucine m methyl alcohol. On 
cooling, the solution nearly solidified. The crystals of the brucine 
salt of the nucleotide were filtered off with suction, and the 
substance was recrystallized three times out of 35 per cent 
alcohol. 

The air-dry substance on heating in a sealed capillary tube 
melted as follows At 177°C it began slightly to contract; at 
195°, the substance effervesced, remaimng perfectly colorless; at 
225° a second point of effervescence was observed, the substance 
turning dark The substance analyzed as follows 


0 1020 gm of the substance gave 0 1978 gm of CO 2 and 0 0572 gm of 
H2O 

0 2000 gm of the substance gave 17 6 cc of nitrogen gas at T° = 24°C , 
P = 769 mm 

0 3000 gm of the substance gave 0 0244 gm of Mg2P20T 



P. A. Levene 


423 


, Calculated 

for C 1 I 1 H 14 N 6 PO 7 (C23H2e04N2)2 
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The rotation of the substance was 
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The guanin fracUon consisted principally of guanosinphos- 
phoric acid (guanylic acid) It was treated m a general way in 
the manner indicated by Read The lead salts were converted 
into the brucine salts, and these were fractionated in the same man- 
ner as the salts of the adenin fraction However, the substance 
obtained from all the nine mother hquors contained over 10 per 
cent of nitrogen and only the fraction coi^titutmg the ultimate 
crystalhne deposit contained on analysis about 8 75 per cent of 
mtrogen. Surprisingly also this fraction consisted in the main of 
guanylic acid. The brucine salts were converted into the am- 
monium salts These were dissolved m boiling water and to the 
hot solution a hot solution of lead acetate was added in a slow 
stream. The mixture was then brought to a boil and filtered 
hot. The lead precipitate was freed from lead and concentrated 
under diminished pressure at room temperature. Generally an 
amorphous, somewhat gelatinous precipitate settles out. In some 
instances the solution turns into a semiliquid jelly To bring 
about final crystallization, no general rule can be given At 
times repeated precipitation with lead acetate will lead to a 
filtrate which, on concentration, solidifies into a crystalhne mass 
Often it IS advisable to precipitate the nucleotide by means of 
lead acetate fractionally. The later fractions as a rule crystallize 
with less difficulty. 

The properties and analysis of the crystalline guanjdic acid 
were described in a previous communication.^^ 

When the brucine salts with 8.75 per cent of nitrogen were 
converted into ammonium salts, and when these were taken up 


“ Levene, PA,/ BioL Chem , 1919, xl, 171 
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in hot water, part of the substance remained insoluble. This 
residue consisted of brucine salt which escaped, being converted 
into ammonium salt The brucine salt on analysis showed a 
nitrogen content of N = 7.8 per cent. This brucine salt was 
then converted into the ammonium salt. The latter was dis- 
solved in boiUng water, and a hot solution of neutral lead acetate 
was added. The mixture was brought to a boil and filtered hot. 
The filtrate was seeded with a few crystals of the lead salt of 
uridinphpsphonc acid, and allowed to stand near a hot water 
bath. It was found that when the cooling of the filtrate pro- 
ceeded rapidly a gelatmous lead salt settled out. If, however, 
the cooling was progi*essing slowly the lead salt of uridinphos- 
phoric acid settled out in crystalline form. For analysis the 
substance was dried to constant weight under diminished pressure 
at the temperature of xylene vapor. It analyzed as follows 

0.1118 gm of the substance gave 0 0866 gm. of COa and 0.0218 gm of 
H,0. 

0 1848 gm of the substance employed for Kjcldahl nitrogen estimation 
required for neutralwation 7.7 co of 0.1 N acid 

0 2772 gm of the substance gave 0 0574 gm of MgsPsO? 



Calculated 
for CtHaNsPOsPb 

Found 


pgr cent 

per cent 

c . 

... 20 40 

20 73 

H 

2.10 

2 18 

N . . 

5 29 

6.84 

P . 

. 6 86 

5 78 



'THE ACTIVITY OF LUNG EXTRACT, AS COMPARED TO 
EXTRACTS OF OTHER TISSUES, IN INDUCING 
COAGULATION OF THE BLOOD. 

By C A MILLS 

i{Fiom the Department of Biochemistry, Univemty of Cincinnati, Cincinnati.) 

(Received for publication, October 14, 1919 ) 

Wherry and Ervm (1), m experimenting with the intravenous 
injection of extracts of tuberculous lung tissue, found that very 
small doses of an extract of normal as well as tuberculous lung 
tissue would produce death in a few seconds in rabbits and 
gumea pigs. It was at their request that I undertook to discover 
the cause of the sudden death m these cases. 

The extracts were made by grinding the fresh lung tissue well 
with sand in a mortar, adding gradually while stirring 10 cc. 
of 0.9 per cent NaCl for each gm of tissue taken. The mixture 
was then centrifuged for 20 to 30 minutes at about 3,000 revo- 
lutions per minute and the shghtly cloudy, reddish solution used 
for the injections. It was found by trial that 0 3 cc of this 
solution injected rapidly into the ear vein of a rabbit weighing 
1,000 to 1,500 gm. caused respiratory symptoms of irregular 
breathing and uneasiness in 20 to 30 seconds, weakness and 
prostration shortly afterwards, and death with convulsions and 
respiratory spasms usually within 1 minute after the injection. 
If a larger dose, such as 0.5 cc , was injected rapidly into a rabbit 
of this size respiratory symptoms began in 20 seconds and death, 
accompanied by violent convulsions and spasms, followed within 
10 seconds. For rabbits of 1,800 to 2,500 gm. the dose necessary 
to produce death was 0 4 cc. so that the reaction is in a measure 
quantitative 

On examination of the rabbits immediately after cessation of 
the spasms, the heart was usually found beating rhymically, 
although there were sometimes arihythmias and fibrillation. All 
.organs appeared normal, the lungs always being found collapsed 
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after opening the thorax On opening the heart or vessels, larger- 
or smaller clots were always found and sometimes the whole blood 
was found to be coagulated, especially if more than the minimum 
fatal dose was given In cases where the whole blood was not 
clotted, the escaping fluid portion clotted more slowly than nor-- 
mal, the length of time before the occurrence of spontaneous clot- 
ting varying from a few minutes to a day. 

These observations lead to the conclusion that in these cases 
death was due in a large measure at least to intravascular clotting, 
the symptoms probably resulting from the complete asphyxia of" 
the nervous system. Although the death resembled that of 
anaphylaxis, yet in contradistinction to the latter the'lungs were- 
always found to collapse on opening the thorax, whereas in 
deaths from anaphylaxis the lungs do not collapse. 

I therefore undertook the study of the particular power of 
lung tissue in causing thrombosis, as I was unable to find any 
reference to the peculiar toxicity of lung extracts in this respect. 
This study has resulted in showing the very remarkable throm- 
boplastic power of the lungs, a power far surpassing that of any 
other tissue of the body. 

Intravascular coagulation from the intravenous injection of 
tissue extracts has been known to be possible for many years. 
Quoting from Carpenter (2), 

“The contact of dead animal matter with the blood appears to promote 
the coagulation of its fibrin m a veiy remarkable degree, occasioning 
coagula to form, whilst it is yet actively moving in the vessels of the living 
body Thus M Dupuy foimd that the injection of cerebral substance into 
the veins of an animal occasioned its death almost as instantaneously as 
if prussic acid had been administeied, the ciiculation being rapidly biought 
to a stand, by the formation of volummous clots in the heait and large 
vessels. These experiments were repeated and confiimed by M de Blam- 
ville (Gazette Medicale, 1834, p 521 ) The same effect is pioduced 
with still more potency, when the substance injected is lather imdergomg 
degradation, than actually dead, fo-i it then seems to act somewhat after 
the manner of a feiment, producing a marked diminution in the vitality 
of the solids and fluids with which it may be biought in contact Such 
IS pre-eminently the case with pus, as was long ago observed by Hunter 
and as Mi H Lee has since determmed more precisely It was found by 
the lattei , that healthy blood received into a cup containing some offensive 
pus coagulated in itvo minutes, whilst another sample of the same blood, 
received mto a clean vessel of similar size and shape, required fifteen 
mmutes for its complete coagulation ” 
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Wooldridge (3), working from 1881 to 1889, was the first, how- 
ever, to attempt to isolate the active thromboplastic material 
from the tissue extracts and to make a thorough study of the 
action of such extracts. He used extracts prepared from testes, 
thymus, and lymph glands, extracting the fresh tissues with 
water and precipitating the active material from the solution by 
making it strongly acid with acetic acid. The precipitate was 
then washed m water and dissolved in very dilute carbonate 
solution. Such solutions he found to produce thrombosis through- 
out the whole vascular system of rabbits after rapid intravenous 
injections, but m dogs, clots were usually found only m the portal 
system In any case, if the animal survived the thrombosis, a 
second injection within 24 hours was without* effect, and blood 
drawn after such injection had a greatly diminished coagula- 
bihty, spontaneous coagulation often being delayed as long as 24 
hours The remarkable fact was discovered that the addition 
of more of the tissue extract to this blood outside the body pro- 
duced coagulation in a few minutes. He observed that the 
degree of non-coagulability of the blood was in a measure pro- 
portional to the extent of the thrombosis 
In studying the extracts to determine the active substance, 
he decided that a protein-phosphohpin compound was responsible 
for the results. This compound could be extracted from the 
acetic acid precipitate with dilute alkali He states that the 
solution was not a true solution since the dissolved substance 
would not pass through a clay cell. If he extracted this pre- 
cipitate with alcohol and ether the activity of the undissolved 
residue was lost, so that the phosphohpm must be a necessary 
part of the compound. Also on digestion of the solution with 
pepsin and ‘hydrochloric acid, the phosphohpm, with a small 
amount of the protein, was precipitated, and the remaining solu- 
tion had lost its activity. The precipitate was active. Exami- 
nation of the phospholipm convinced him it was a lecithin-hke 
substance, although purified lecithin from egg yolk was not 
active. Lecithin prepared from other tissues gave him the same 
results as the tissue extracts Wooldridge was not familiar with 
cephalin at that time, so that he did not identify the active phos- 
pholipins as cephalin which was present as an impurity in his 
tissue lecithin, although he did show that not all lecithin prepa- 


THB JOURNAL OP BIOLOGICAL CHEMWTRA, AOL XL, NO 2 



428 


Activity of Lung Extract 


rations were active. More recent work in Howell’s laboratory 
(4) indicated that the phosphohpm inducing coagulation dis- 
covered by Wooldridge is cephalm, but the strange fact appeared 
from my experiments that although the nervous tissue is the 
tissue believed to be the richest m cephahn, yet extracts of the 
brain made in the same way as these lung extracts did not cause 
intravascular coagulation and death in rabbits in doses up to 3 
cc for an 1,800 gm. rabbit It was therefore deemed advisable 
to compare as quantitatively as possible the thromboplastic 
activity of lung tissue extracts with that of extracts of other 
tissues of the body 

Fresh tissues of dogs killed in ether anesthesia and rabbits 
were used in making extracts similar to the lung extract 
described above, that is, for every gm. of the fresh tissue, after 
grinding thoroughly with sand, 10 cc of 0 9 per cent NaCl 
solution were added, mixed weU, and centrifuged to remove all 
solid particles Extracts thus made were found' to undergo a 
gradual loss of their power to induce coagulation when injected 
into the circulation or of hastening coagulation when added to 
blood outside the body When standing at 5°C very little change 
occurred in the first few days, but activity had almost disap- 
peared at the end of 3 weeks This loss of activity was not due 
to a settling out of the active matter formerly in suspension, 
since on shaking and injecting, or adding precipitate and solution 
mixed, the diminution of activity persisted. It might be, how- 
ever, that a gradual agglomeration of particles had occurred 
leading to a smaller number of larger aggregates with a resulting 
diminution of surface and hence of activity. This rather than 
a chemical change might explain the progressive loss of power. 
This possibility will be further investigated. 

The activity of the tissue extracts prepared as described were 
tested m two ways, (1) by injections into the blood stream of 
dogs and rabbits, and (2) by testing their power of hastening 
coagulation when added to peptone and oxalate plasma outside 
the body. In the latter case the test-tube method for determin- 
ing the coagulation tune was used, coagulation being considered 
complete when the tube could be inverted without spilhng the 
contents If care was taken m shaking the tubes and in keeping 
all other factors constant, this method was considered sufficiently 
accurate for this work. 
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Peptone plasma and oxalated plasma of dog’s blood were used 
in most of the tests, although two sets of rabbit tissue extracts 
were tested on rabbit blood rendered partially non-coagulable by 
a process which will be described in another paper. 

In order to compare the activity of the extracts of the different 
tissues, one method was to find the amount of the various ex- 
tracts necessary to induce coagulation of 1 cc of peptone plasma 
in the same tune as a definite amount of lung extract. Another 
method used was to add the same amount of the different 
extracts to oxalate plasma and compare the amount of accelera- 
tion of coagulation of the plasma by serum. All tests were 
carried out m a water bath at 38-40®C 
Tables I and II indicate the results of the tests carried out 
with the extracts of the tissues of two different dogs. 

The pancreas, skeletal muscle, thyroid, and omentum con- 
tained so little of the thromboplastic material that they would 
not accelerate the coagulation to 30 seconds in any amount, so 
the figures for them are approxunations derived from the degree 
of lessening of coagulation time by increasing amounts of the 
extracts. 


TABLE I 


Tissue extract used (dog) 

Time of coagulation of 1 cc of 
oxalate dog plasma, by 3 drops of extract 
and 6 drops of serum * 


Tissues of Dog I 

Tissues of Dog U. 

Lung 

mtn 

1 

3 

m%n 

1 

3 

Kidney 

4 

4 

Testes 

7 

6 

Bram 

8^ 

6 

Heart 

S 

7 

Spleen 

9 

4 

Bone marrow 

7 

7 

Adrenal 

8 

81 

Liver 

11 

S 

Omentum 

9 

16 

Skeletal muscle 

14 

12 

Pancreas 

14 

14 

Thyroid 

14 

15 


* 1 cc of oxalate plasma and 6 drops of serum (with no extiact) showed 
no coagulation in 1| hours, but were coagulated in 24 horns 
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TABLE n 


Tissue extract used (dog) 

Amount of extn 
coagulate 1 cc of p 
in30s< 

Tissues of Dog I 

mt necessary to 
eptone dog plasma 
iconds 

Tissues of Dog II. 


git 

git 

Lung 

2 

2 

Kidney 

5 

5 

Testes 

8 

15 

Brain 

7 

6 

Heart 

20 

12 

Spleen 

4 

4 

Bone marrow 

20 

20 

Adrenal 

6 

20 

Liver 

25 

20 

Omentum 

30 + 

30 + 

Skeletal muscle 

30 + 

30 + 

Pancreas 

40 + 

30 + 

Thyroid 

30 + 

20 + 


The activity of extracts of the tissues of two rabbits on 
partially non-coagulable rabbit blood is shown in Table III. 


TABLE III 


Tissue extract used (rabbit) 

Amount of extract 
cc of rab’ 

00 seconds 
Tissues of Rabbit I 

. necessary to clot 1 
bit blood 

70 seconds 
Tissues of Rabbit II, 


gtt 

1 git 

Lung 

1 

1 

Kidney , . 

5 

5 

Heart 

6 

5 

Thymus 


3 

Spleen 

8 

4 

Biain 

8 

13 

Skin 


10 

Testes 


20 + 

Ovary 

22 


Uterus 

20 


Liver 

30 + 

30 

Bone manow 


20 + 

Panel eas 


20 + 

Adrenal 

26 + 

20 + 

Omentum 

30 


Skeletal muscle 

30 + 

30 + 
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Here again some of the tissues were so poor in the active sub- 
stance that they would not clot the blood m the specified time 
in any amount, so that the figures given are only approximations. 

In every case studied the lung extract was found to he much 
stronger than that from any other tissue, being from two to thirty 
times as strong aS the other tissues in accelerating coagulation. 
Kidney, heart, brain, spleen, thymus, and slon come next in 
activity, somewhat in the order named. Then, certain other 
tissues, pancreas, skeletal muscle, hver, bone marrow, omentum, 
and adrenal, showed only shght thromboplastic activity as 
compared to the lung tissue. 

Having thus established the predominant thromboplastic power 
of the lung extracts I next attempted to discover whether the 
toxicity from intravenous injections of these extracts paralleled 
their thromboplastic activity. To this end injections were made 
into rats and rabbits In using rats the injections were made 
directly into the heart, but with rabbits injections were into an 
ear vein. Adult white rats, weighing about 350 gm., were used. 
They were found to be much less affected by partial coagulation 
of the blood in the vessels than rabbits, quick death being pro- 
duced only by almost solid intravascular coagulation following 
injections of relatively lafge doses of the extracts Most of the 
extracts of rabbits and rat tissues would not produce coagu- 
lation in rats in doses up to 3 cc. when made up in the usual way, 
so double strengths of these extracts were used, that is, only 
half the usual amount of sahne solution was used for each gm 
of fresh tissue. These extracts were labeled (x2). Table IV 
indicates the dosages of the various extracts necessary to produce 
rather extensive coagulation in the vessels of the rats. 

In intravenous injections into rabbits only two of the tissue 
extracts proved fatal, death occumng m rabbits after only slight 
thrombosis. Lung extract was fatal in doses of 0 3 to 0.4 cc and 
kidney extract ( x2) was fatal in a dose of 2 0 cc. producing 
only a slight amount of thrombosis, and with death occurring 
after a delay of 2| minutes. None of the other tissue extracts 
was fatal in doses up to 3.0 cc. Wooldridge reports sohd throm- 
bosis of the whole system in rabbits with injections of thymus, 
testes, and lymph gland extracts, but he used many times the 
amount of material for injections that was used in these cases. 
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Thus he used f to 1 gm of the washed acetic acid precipitate 
from the extracts to obtain such sohd intravascular coagulations. 

From these intravenous injections into rats and rabbits as 
described above, it is evident that the extracts are toxic in much 
the same order as they exhibit thromboplastic activity in extra- 
vascular coagulation, lung extract being much the most active of 
all tissue extracts in each case 

Most hemostatic preparations on the market today are pre- 
pared from brain material, but from the results of the above 
experiments it would seem that lung tissue would afford a much 
stronger hemostatic Battelli (5) describes a method for pre- 
paring such material from fresh horse or sheep lungs. 


TABLE IV 


Extract used 

Coagulative dosage 
for rats 


cc 

Eat lung extract 

0 5 

“ kidney “ 

1 0 

« “ « (X2) . 

0 9 

« brain “ (X2) 

1 1 

Eabbit lung extract 

0 4 

“ kidney “ (X2) 

0 9 

“ brain “ . ' 

3 0 

« “ » (X2) 

1 0 

“ heart “ (X2) 

1 5 

“ liver “ (X2) 

2 0 


The significance of such a strong thromboplastic activity in 
lung tissue, and not so very much less in kidney tissue, is an 
interesting question Is it a protective mechanism against possi- 
ble hemorrhages in these organs in which the rich capillary net- 
work IS covered only by a one celled layer of epithelium? This 
high activity of the lung tissue may perhaps have an especial 
function in certain diseases, such as pneumonia, where there 
occurs such an extensive destruction of lung tissue. With the 
extremely rich blood supply in all parts of the lungs one would 
expect severe hemorrhages in these cases, but the hemorrhages 
are, in fact, not one of the mam characteristics of this disease. 
May it not be the hberation of this active material by the tissue 
destruction which protects against extensive hemorrhages? The 
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one extract of the skin tested was also found to possess con- 
siderable thromboplastic activity, again denoting a possible 
protective mechanism 

The investigation of the nature of the active principle in lung 
extract is being carried further and will form the subject of 
another paper. 

STJMMAEY. 

1. Sudden death from the intravenous injection of lung tissue 
extract is apparently due to mtravascular coagulation, although 
there is a possibility of anaphylactic effect on the lungs, not 
sufficient, however, to keep them from coUapsmg on opemng the 
thorax. 

2. Tissue extracts were tested as to their thromboplastic 
activity on the blood both mtra- and extravascularly. Lung 
extracts were found far more active than the extracts of any 
other tissue, kidney coming second, and then heart, bram, spleen, 
thymus, testes, skin, somewhat m the order named. The 
remaining tissues were weakly active as compared to lung, some 
of them showing very slight thromboplastic action. 

3. Lung tissue offers a possible source for the preparation of a 
strong hemostatic. 

4. The strong coagulative activity of lung and kidney tissues, 
and to a lesser degree of skin, is suggestive of a possible protective 
mechanism against hemorrhage. 
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THE HYDROLYSIS OF STIZOLOBIN, THE GLOBULIN 
OF THE CHINESE VELVET BEAN, STIZOLOBIUM 
NIVEUM. 

By D BREESE JONES and CARL O JOHNS 

(From the Protein Investigation Lahoratoiy, Bureau of Chetmslry, Depayt- 
ment of Agncultwe, Washington ) 

(Received for publication, October 28, 1919 ) 

The preparation of the globulin used for this hydrolysis is 
described in a previous pubhcation from this laboratorj’- (1) 

The hydrolysis and the determination of the resulting amino- 
acids were carried out, for the greater part, in the usual manner 
with a few exceptions which will be noted later 
A slight modification of the customary method of drying the 
ether solutions of the esters with anhydious sodium sulfate was 
made. It seems very probable that during the extraction of 
the esters with ether, after their hberation with sodium ethylate, 
or with sodium hydroxide, as is sometimes necessary after the 
second esterification, some of the alkali passes into the ether, 
and later decomposes to some extent the easily hj’-drolyzed esters. 
Accordingly, finely powdeied ammonium chloride was mixed 
with the sodium sulfate used for drying the ether solution of 
the esters. Any caustic alkali present would thus be removed 
by the action of ammonium chloride, with the formation of 
sodium chloride and ammonia, and in this way the hydrolysis 
of the esters reduced to a mimmum 
The method of Levene and Van Slyke (2) for the separation of 
alanine from valine by means of phosphotungstic acid w^as used 
with good results. 

The percentages of basic ammo-acids m stizolobm, as deter- 
mined by the Van Slyke method, have already been published (1). 

The percentages of the various ammo-acids obtained by the 
hydrolysis of stizolobm are summarized in Table I For the sake 
.of comparison, the percentages of ammo-acids found m phaseolin, 
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the globulin of the white navy bean, Phaseolus vulgaris, are alsa 
given. 

As IS seen, the summation of the hydrolysis of stizolobin, 
although comparatively high, falls far short of accounting for the 
theoretical amount of hydrolysis products which should result. 
Some time ago we became convinced that with the methods now 
in use one cannot hope to account quantitatively for nearly all 

TABLE I 


Percentage of Amino-Acids in Stizolobin and Phaseolin 



Stizolobin 

Phaseolin * 


per cent 

per cent 

Glycine 

1 66 

0 6 

Alanine 

2 41 

1 8 

Valine 

2 88 

1 0 

Leucine . 

9 02 

9 7 

Proline 

4 00 

2 8 

Phenylalanine 

3 10 

3 3 

Aspartic acid 

9 23 

5 3 

Glutaminic acid 

14 59 

14 6 

Hydroxyglutammic acid 

2 81 


Serme 

0 67 

0.4 

Tyrosine . 

6 24t 

2 2 

Cystme 

1 13 


Arginine.; 

7 14 

4 9 

Histidine. 

2 27 

2 0 

Lysine 

8 51 

4 0 

Tryptophane 

Present 


Ammonia 

1 55 

2 1 

Total 

77 21 

54 7 


* Osborne, T. B , and Clapp, S H , Am J. Physiol , 1907, xviii, 295. 
t By the colorimetric method of Fohn and Denis 

the products which proteins yield on hydrolysis, but that meth- 
ods must be developed whereby the products of hydrolysis can 
be separated more directly than by esterifying the ammo-acids 
and distilling the esters as originally worked out by Fischer. As 
is well known, it is rarely if ever a 100 per cent esterification of a 
pure organic acid can be accomphshed, and when one considers 
the complex mixture which results from the hydrolysis of a pro- 
tein, consisting of eighteen or more ammo-acids, humin, and other 
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secondary decomposition products, a high percentage esterifica- 
tion can hardly be expected The hope of attaining anywhere 
near a theoretically complete summation is therefore practically 
excluded from the begmnmg We have been working for some 
tune on the direct determination of the ammo-acids m another 
protein by methods which do not involve the process of esterifica- 
tion and distillation of esters. This work is still in progress 

A method for the determmg.tion of prohne without involving 
the esterification of the amino-acids is described. The products 
of hydrolysis of the protein, after having first removed the bases 
and mineral acids, are obtained in a dry powdered form, from 
which the prohne is extracted with boiling absolute alcohol. 
The non-ammo nitrogen m the solution is determined and the 
per cent of proline calculated. Several determinations made 
in this way gave results closely agreeing with each other, and 
also with the percentage obtained from the esters. 

Since the work on this hydrolysis was completed an article 
published by Dakin (3) appeared m which he describes a method 
for the partial separation of the amiiio-acids in a hydrolysis mix- 
ture by extracting the aqueous solution of ammo-acids with 
butyl alcohol, and m which is also described for the first time 
the isolation and properties of the new ammo-acid, hydroxy- 
glutammic acid. By means of this method, Dakin states that 
the products of hydrolysis of a protein may be readily separated 
almost completely into the following five groups. 

(1) Monoammo-acids, both aliphatic and aromatic, insoluble 
in alcohol but extracted by butyl alcohol 

(2) Prohne, soluble m alcohol and extracted by butyl alcohol. 

(3) Peptide anhydrides (diketopiperazines), extracted hy butyl 
alcohol but separated from (2) by sparing solubihty m alcohol or 
water 

(4) Dicarboxylic acids, not exti acted by butyl alcohol 

(5) Diammo-acids, not extracted by butyl alcohol but sep- 
arable from (4) by phosphotungstic acid and other means 

In order to check up by this method the results we had already 
obtained for aspartic and glutamimc acids in stizolobm by the 
ester method, as well as to look for hydroxyglutammic acid, 
some of the residues of amino-acids lemammg from the direct 
determination of prohne were examined by this method for 
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aspartic, glutamimc, and hydroxyglutaminic acids. 2 81 per 
■cent of hydroxyglutaminic acid was obtained in the form of the 
difficultly soluble silver salt. 

One of the most striking results of this examination is the 
-extraordinarily high percentage of aspartic acid obtained; namely, 
9.23 per cent. As the amount obtained from the esters was only 
5.70 per cent, it is highly indicative that the percentages of 
aspartic acid obtained in previous hydrolyses of proteins do 
not nearly represent the actual amount present. 

The amount of glutamimc acid obtained by this method was 
somewhat lower than that obtained from the large hydrolysis, 
due to the fact that some of this ammo-acid had been previously 
removed in the form of pyrrolidonecarboxylic acid, while making 
the prolme determination. 

The method outhned by Dakin will doubtless prove of great 
value in the further development of methods for the direct sepa- 
ration and determination of the products of hydrolysis of proteins. 

EXPERISIENTAL. 

A quantity of stizolobin, equivalent to 405 gm of the ash and 
moisture-free protein, was hydrolyzed in two separate portions of 
200 and 240 gm each, with 1,300 cc. of hydrochloric acid (spe- 
cific gravity 1.1), by first heating on a steam bath until nearly all 
the protein had dissolved. The hydrolysis was then continued 
by boiling the solutions in an oil bath for 30 hours. The solu- 
tions were then concentrated to about one-half their original 
volumes, and after removal of most of the color by treatment 
with norite, were saturated, cold, with dry hydrochloric acid 
gas. After standing for about a week at nearly 0°, the glutamimc 
acid hydrochloride was removed by filtration. There were 
finally obtained, after removal of ammonia -with bai’ium hydrox- 
ide in the usual way, 27 23 and 24 83 gm , respectively, of glu- 
taminic acid hydrochloride, eqmvalent to a total of 41 72 gm. of 
the free acid. This amount, together with the 17.28 gm sub- 
sequently isolated from the esters, is equivalent to 14.59 per cent 
of the stizolobin. 

The glutamimc acid hydrochloride decomposed with effer- 
vescence at 197® The free acid, obtained by decomposing the 
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hydrochloride with an equivalent amount of normal potassium 
hydroxide, decomposed at 202® and was analyzed with the follow- 
ing results: 

0 1491 gm of substance gave 0 2249 gm of carbon dioxide and 0.0872 
gm of water 

Calculated for 
CsHtOiN. Found 

c . . 40 80 41 14 

H 6 12 6 54 

The filtrates and washings from the above direct determina- 
tion of glutammic acid hydrochloride were united and concen- 
trated to a heavy syrup. This residue was freed from water by 
repeated evaporations with alcohol under reduced pressure and 
esterified m the usual way, with the exception that no zinc chlo- 
ride was used. After liberating the esters with sodium ethylate 
the sodium chloride was removed by centrifugation and the 
alcohol distilled from the esters under reduced pressure The 
alcohol was reserved for furthei* examination. On storing the 
syrupy residue of esters with ether nearly all dissolved, but on 
dilution with more ether a flocculent precipitate separated which 
soon settled and formed a sticky, viscous layer. The addition of 
ether was continued until only a shght turbidity was produced. 
The ether extracts were filtered and dried m the usual way over 
anhydrous sodium sulfate 

The sodium chloride obtained from the alcoholic solution of the 
esters was dissolved in water and the solution saturated with 
hydrochloric acid gas. The salt which separated was removed by 
filtration. To the filtrate was added the above mentioned sticky 
residue which did not dissolve in the ether when extracting the 
esters. The solution was then subjected to a second esteiifica- 
tion. The residue of ester hydrochlorides left after removing the 
alcohol by distillation was very viscous. It was therefore dis- 
solved in enough absolute alcohol to form a thin syrup. After 
coohng to 0® the esters were hberated by the cautious addition 
of an aqueous 50 per cent solution of sodium hydroxide. The 
esters were extracted with ether and dried over anhydrous sodium 
sulfate to which was added a httle powdered ammonium chloride. 

The ether was removed from the esters by distillation at atmos- 
pheric pressure 332 gm. of esters were obtained, 128 gm of 
which were obtained from the second esterification. 
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Alcohol Distilled from the Esters — The alcohol which had been 
distilled from the esters was acidified with hydrochloric acid and 
the solution evaporated to dryness under reduced pressure. The 
residue of ester hydrochlorides was hydrolyzed by boiling with 
dilute hydrochloric acid, and the solution evaporated to dryness. 
After expelling ammonia by boding with barium hydroxide, and 
subsequent removal of barium and hydrochloric acid, there were 
obtained 8 48 gm. of amino-aeids. The amino-acids insoluble m 
absolute alcohol weighed 6 66 gm Both the proline and the 
other ammo-acids were added to the corresponding portions of 
Fraction I of the distilled esters 
Ether Distilled from the Esters — The ether distilled from the 
esters was strongly acidified with a dry alcoholic solution of 
hydrochloric acid, and allowed to stand at nearly 0° for several 
weeks The white crystalline product which separated was 
boiled with barium hydroxide to remove ammonia. The barium 
and hydrochloric acid were then quantitatively removed, and 
after concentrating the solution to a small volume 3.81 gm of 
glycine separated, which, for identification, was converted into 
its ethyl ester hydrochloride The latter crystallized from alcohol 
in the characteristic long prisms or needles which melted sharply 
to a clear oil at 144°. 

0 1987 gm of substance required 14 15 cc of 0 1 n sulfuric acid 

Calculated for 
C4H10O2NCI Found 

N . 10 04 10 03 

The glycine thus obtained, together with that subsequently 
isolated from the distilled esters, amounted to 6 72 gm or 1 66 
per cent of the protein 

The ammo-acids present in the form of their esters in the orig- 
inal ether filtrate from the glycine ester hydrochloride were 
regenerated and weighed 9 24 gm , of which 6 88 gm were 
msoluble m absolute alcohol The latter and the alcoholic extract 
of proline were added to similar portions of Fraction I of the 
distilled esters. 

The esters obtained after distillmg off the ether were separated 
into the following fractions in the usual way by distillation under 
reduced pressure 
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Fraction 

Tempera- 
ture of the 
bath 

Tempera- 
ture of the 
vapors 

Pressure 

Weight 


■1 

“C 

mm 

Qm 

I 


50 

35 

21 

II 


85 

3 

85 

III 


107 

3 

61 

‘Distillation residue 




131 

Contents of the liquid air tube 

■ 



10 


The contents of the liquid air tube were made strongly acid 
with hydrochloric acid and hydrolyzed by boiling for several 
hours. After expelling the ammonia with barium hydroxide and 
subsequent removal of barium and hydrochloric acid there were 
obtained 2 87 gm of amino-acids, of which 2,04 gm. were in- 
soluble in absolute alcohol. The latter were added to Fraction I. 

Fraction I , — The esters of this fraction, which also contamed 
•some alcohol, were hydrolyzed m the usual way by boiling with 
water. There were obtained 4 64 gm of ammo-acids, 3.73 gm. 
<of which were insoluble m absolute alcohol To the latter were 
added the aloohol-msoluble amino-acids obtained from the follow- 
ing sources: (1) The alcohol distilled from the esteis, 6.66 gm , 
(2) the ether distilled from the esters, 6.88 gm , (3) the contents 
of the liquid air tube, 2.04 gm , (4) the precipitate which sepa- 
rated on standing from the muted alcoholic extracts of proline, 
2.30 gm From this mixture were isolated by means of the lead 
salts, 5 62 gm. of leucine and 2 64 gm. of valine. The leucine 
had the following composition 


'0 1825 gm of substance gave 0 3678 gm 

of caibon dioxide 

and 0 1671 

■gm of vvatei 

Caleulated for 
CbHuOsN 

Found 

C 

54 96 

54 96 

H . . 

9 99 

10 24 

Analysis of the valine gave the following results • 


0 1495 gm of substance gave 0 2828 gm 

of carbon dioxide 

and 0 1319 

gm of watei 

Calculated for 
CsHnOaN 

Found 

■C 

51 28 

51 59 
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The filtrates from the above leucine and valine were united, the- 
ammo-acids esterified and the resulting product was examined for 
glycine. There were obtained 5.0 gm. of glycine ester hydro- 
chloride, equivalent to 2.69 gm. of glycine The glycine ester 
hydrochloride crystallized from alcohol in the characteristic 
needles which melted sharply at 144°C. 

The filtrate from the glycine ester hydrochloride, after having 
quantitatively removed the hydrochloric acid, yielded 7.37 gm. 
of alanine which crystallized in needles and prisms. 

0 2028 gm of substance gave 0 3004 gm of carbon dioxide and 0.1377 


gm of water. 

Calculated for 


. 

CjErOaN 

Found 

C ... 

... . 40 41 

40 40 

H 

... 7 92 

7 54 


A small amount of glycine (0 22 gm.) was further separated (4) ■ 
from the filtrate from the alanine, m the form of its picrate, 
which decomposed with effervescence at 195®C. 

Fraction II . — This fraction yielded 62 gm. of amino-acids of 
which 42 6 gm were insoluble in absolute alcohol. By direct 
fractional crystallization 16.50 gm. of leucine and 3 29 gm. of 
valine were obtained Analysis of the leucine showed it to have 
the following composition: 

0 1459 gm of substance gave 0 2937 gm. of carbon dioxide and 0 1313 
gm of water 

Calculated for 
CoHi 302N Found 

C 54 96 54 90 

H . . 9 99 9 99 

The valine gave the following results on analysis: 

0 1666 gm of substance gave 0 3151 gm of carbon dioxide and 0 1426 
gm of water 

Calculated for 
CsHuOsN Found 

C . ^51 2S 51 58 

H ... 9 47 9 51 

A mixture of leucine and valine, after subjection to Levene and 
Van Slyke’s lead salt method of separation, yielded 14 44 gm. of 
leucine and 2 43 gm of valine. 
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A fraction was further obtained consisting of a mixture of 
alanine and valine. The ammo-acids of this mixture were sepa- 
rated by means of phosphotungstic acid according to Levene and 
Van Slyke’s method (2) 3 32 gm of valine and 2 38 gm of 

alanine were thus obtained. 

All the alcoholic extracts of proline were united and allowed to 
stand for several days The precipitate which had separated, 
after having been filtered off and washed with absolute alcohol, 
weighed 2 30 gm., and was added to the amino-acids of Fraction 
I. The clear solution was then evaporated to dryness under 
reduced pressure The residue was completely soluble in cold 
absolute alcohol. The solution was again evaporated to dryness 
and the residue dissolved in water and made up to a volume of 
500 cc The total nitrogen m the solution was 2 6023 gm , and 
the ammo nitrogen 0.7399 gm The difference, or non-ammo 
nitrogen, 1.8623 gm. corresponds to 15.30 gm of prohne, equiva- 
lent to 3 77 per cent of the prolme Special experiments for the 
direct determination of prohne are described 

Fraction 111 . — Phenylalanine ester was separated from this 
fraction m the usual way by extraction with ether After hydro- 
lyzing the ester with hydrochloric acid, and decomposing the 
hydrochloride with ammonia, 4 16 gm of phenylalanine wdre 
obtained. 


0 1531 gm of substance gave 0 3660 gm 

of caibon dioxide and 0 0948 

gm of water 

Calculated for 



CsHuOsN 

Found 

C 

65 45 

65 20 

H 

6 66 

6 88 


The esters remaining after the removal of the phenylalanine 
were hydrolyzed with barium hydroxide, and yielded 2.92 gm of 
aspartic acid as the barium salt, and 15 80 gm in the form of the 
copper salt. The free aspartic acid gave the following results on 
analysis 

0 1664 gm of substance gave 0 2200 gm of carbon dioxide and 0 0825 
gm of water 

Calculated for 
C4H7O4N Found 

G ... 36 09 36 06 

H . . 5 26 5 51 
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The copper aspartate was analyzed with the following results. 

0 2503 gm. of substance (air-dned) gave 0 0717 gm of copper oxide 

Calculated for 

C4H6O1NCU 4 iHaO Found 

Cu . 23 07 22 90 

There were also obtained 2.73 gna of a substance which after 
several recrystallizations from water separated in the form of 
rather indefimte, microscopic, octagonal plates Analysis showed 
these crystals to contain 35 20 per cent carbon, 7.00 per cent 
hydrogen, and 12 47 per cent nitrogen. The small amount of 
the substance in hand, and its high degree of solubility, prevented 
further examination of this material Its solubility, crystalhne 
form, sweetish taste, and composition, as above noted, leave 
little or no doubt that this substance was chiefly serine. 
Especially significant in supporting this conclusion is the high 
percentage of nitrogen found, as serme contains nearly 3 per cent 
more nitrogen than any of the other ammo-acids usually found 
as products of protein hydrolysis, except proline Serine theo- 
retically contains 34 29 per cent carbon, 6 67 per cent hydrogen, 
and 13 33 per cent nitrogen. 

• Distillation Residue . — The residue remaining after the distilla- 
tion of the esters was dissolved in water and shaken with ether to 
separate the phenylalanine, of which 8.41 gm were obtained. 

The aqueous layer was concentrated somewhat and sufficient 
concentrated hydrochloric acid added to make the solution about 
25 per cent. This solution was boiled for 12 hours in older to 
hydrolyze any pyrrolidonecarboxylic acid that might be present. 
It was then concentrated to a small volume, and saturated cold 
with hydrochloric acid gas After standing for a long time at 
0°, 17.52 gm, of glutaminic acid hydrochloride were isolated 
It decomposed with effervescence at 197°. The filtrates from 
the glutammic acid hydrochloride were united and the bases 
removed with phosphotungstic acid. From the resulting solu- 
tion, after removing the hydrochloric and phosphotungstic acids, 
there were further obtained 4,4 gm of aspartic acid and 3 24 
gm of glutammic acid 

Tyrosine — Tyrosine was determined by the colorimetric 
method of Folm and Denis (5, 6). 1 gm. of stizolobin was boiled 
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for 12 hours with 20 per cent hydrochloric acid. The tyrosine 
was found to be equivalent to 6.24 per cent of the protein 

As the percentage of tyrosine obtained by this method is usu- 
ally 2 or 3 per cent higher than that obtained by direct isolation 
of the amino-acidj due to the extreme difficulty of separating all 
the tyrosine from the other products of hydrolysis, a direct 
determination of tyrosine was made for comparison 50 gm. of 
the protein were accordingly hydrolyzed with hydrochloric acid, 
and as much as possible of the latter was removed by distillation 
under reduced pressure The calculated amount of normal po- 
tassium hydroxide to react with the chlorine remaining in the 
residue was then added. There were obtained from the resulting 
solution by careful fractional crystallization, 2.42 gm of tjuGsine, 
equivalent to 5.25 per cent of the protein. That not all the tyro- 
sine was removed even then was indicated by the fact that the 
mother liquors still gave a strong positive test with Millon’s 
reagent. 

The tyrosine which was isolated gave the following results on 
analysis • 

0 2036 gm of substance required 11 2 cc of 0 1 N HCl ' 

Calculated for 

• CsHiiOsN Found 

N . 7 73 7 72 

Prohne . — Several determinations of proline were made directly 
without involving the ester method of Fischer. The following 
procedure gave consistent results, which closely agreed with the 
percentage obtained by the ester method 10 gm. of the protein 
are hydrolyzed by boiling with 20 per cent hydrochloric acid for 
about 30 hours. The solution is then concentrated under 
reduced pressure to a thick syrup, and the residue dissolved m 
water. After filtering off the suspended humin, the solution is 
made up to 200 cc containing 3 5 per cent hydrochloric acid, 
and phosphotungstic acid added until all precipitation has ceased. 
After standing for 48 hours the precipitate is filtered off and 
washed in the usual way. Phosphotungstic acid is then removed 
from the filtrate by means of ether and amyl alcohol, and the 
solution of ammo-acids boiled with a slight excess of barium 
hydroxide in order to remove any ammonia or phosphotungstic 
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acid that might be present. After filtering, the excess of barium 
IS removed quantitatively with sulfuric acid and the solution 
made slightly alkaline with sodium hydroxide, in order to neu- 
tralize the hydrochloric acid present The solution is then re- 
acidified with acetic acid and evaporated to dryness, and the dry, 
finely powdered residue of ammo-acids extracted by boiling with 
absolute alcohol for about hours. The alcoholic extract is 
acidified with hydrochloric acid and the alcohol removed by 
distillation under reduced pressure. The residue is then boiled 
for 10 to 15 hours with 25 per cent hydrochloric acid to regenerate 
any glutammic acid from pyrrolidonecarboxyhc acid which may 
have been formed during the preceding operations The solution 
IS then freed from hydrochloric acid as completely as possible by 
distillation under reduced pressure, the residue dissolved in water 
and made slightly alkaline with sodium hydroxide, and then 
reacidified with acetic acid The resulting solution is made up to 
100 CG and ammo nitrogen stnd total nitrogen are determined m 
10 cc aliquot portions From these data the amount of prolme 
IS calculated Eight determinations of proline made in this way 
gave closely agreeing results the average of which was 4 per cent. 

The Dt-Basic Ammo-Aads — As the residues of the ammo- 
acids remaining from some of the direct prolme determinations 
were on hand they were examined for the di-basic ammo-acids 
according to the method of Dakin (3) Four of these residues, 
which represented 40 gm. of stizolobin, were united and used 
for the analysis The prolme, ammonia, bases, and most of the 
tyrosine had been previously removed. The amino-acids were 
dissolved m about 600 cc of water and extracted with butyl 
alcohol, according to Dakin’s directions The extraction was 
continued for about 38 hours, at the end of which time there 
were practically no more acids being carried over by the butyl 
alcohol. As the amount of material available for this extraction 
was too small for a complete analysis, the monoammo-acids 
which had been carried over by the butyl alcohol were not further 
examined The aqueous solution which had been extracted was 
examined for glutammic acid in the usual way 4.41 gm of 
glutamimc acid, isolated as the hydrochloride, were obtained. 
This corresponds to 11 02 per cent of the protein. This per- 
centage is somewhat lower than that which we obtained from 
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the main hydrolysis. This was to be expected, since some of the 
glutaminic acid was lost during the extractions for prohne by 
being converted into pyrrolidonecarboxylic acid The prolme 
extract was always boiled with 25 per cent hydrochloric acid 
before determining ammo mtiogen, and it was always found that 
some of the glutaminic acid had been converted into pyrrolidone- 
carboxylic acid. 

The amino-acids in the filtrate from the glutaminic acid hydro- 
chloride were converted into their calcium salts, according to 
Foreman’s method (7), and the aspartic acid was isolated as the 
copper salt An unusually large amount of the copper salt sep- 
arated in the characteristic crystalline form The air-dried salt 
weighed 7 69 gm , and without recrystallizmg gave the follov/mg 
results on analysis. 

0 2082 gm of substance gave 0 0602 gm of copper oxide 

• Calculated for 

C4H6O4NCU 4IH2O Found 

Cu ... 23 07 23 10 

The above amount of copper aspartate is equivalent to 3.69 gm. 
of the free acid which is 9 23 per cent of the protein. This is 
3 53 per cent more than was obtained from the esters. 

Copper was removed from the filtrate from the copper aspar- 
tate, and the solution examined for hydroxyglutammic acid by 
precipitating the acid m the form of its silver salt, according to 
Dakin’s method There were obtained 2 63 gm. of the difficultly 
soluble silver salt, which is equivalent to 1.12 gm of hydroxy- 
glutammic acid, or 2.81 per cent of the protein 

0 2378 gm of substance gave 0 1803 gm of silver chloride 

Calculated for 
CjH 706 NAg 2 Pound 

Ag . 57.26 57 07 

SUMMARY. 

The globulin of the Chinese velvet bean has been hydiolyzed 
and the percentages of the resulting amino-acids determmed 
(see Table I) 

A modification of the usual method of determining prolme is 
described 
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Aspartic acid was determined both by the usual ester method, 
and by the method, lecently pubhshed by Dakin, of extraction 
of the solution of amino-acids with butyl alcohol. The yield 
obtained by the former method was 5 70 per cent, while by the 
latter method the unusually high percentage of 9 23 per cent was 
obtained. By means of the extraction method 2 81 per cent of 
hydroxyglutammic acid was also obtained. 
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Introduction and Object of the Investigation 

It has been shown in a preceding aiticle^ that bananas alone 
as a food do not produce growth of young albino rats The 
addition of 16 per cent of purified casein, which supplied the 
protein deficiency of the food, and 0 5 per cent of yeast prepa- 
ration, or of aqueous or alcohohe extract of fresh carrots, which 
supplemented the shortage of water-soluble accessory substance, 
constituted a complete diet for the growth, maintenance, and 
reproduction of albino rats. Such a diet was not adequate, how- 
ever, for the production of proper milk by the mother. We 
stated that the addition of a small amount (10 cc ) of cow’s milk 
to the mother’s diet from the time of birth of the young until 
they are weaned is absolutely imperative, if the young are to 
survive and to maintain normal growth. 

Further experiments on this pomt are shown m Tables I, II, 
and III, from which it is clearly seen that the new-born whose 
mothers were fed with a ration made up of bananas, casein, and 
yeast failed to grow and died from starvation, or were killed by 
the mother shortly after they were born, except m one instance* 
where the young were reared but their body weights were very 
much below normal The mother of these lost 10 gm of her 
body weight during 1 month of lactation. On the other hand, 
the addition of cow’s milk to the same diet made it a proper 
diet for the production of suitable milk during the period of 
lactation The mothers maintained their body weights on this 
diet, and Rats 49 and 219 gained in body weight The health 
and condition of these animals appeared normal in all respects 

^ Sugiura, K , and Benedict, SR,/. Biol. Chem , 1918, xxxvi, 17U 

449 
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The aim of the present investigation has been to study the 
unknown chemical substance or substances present in milk, 
which are indispensable for the growth of young animals during 
the period of lactation. 

Review of Previous Investigations. 

Of all foods, milk is the most important It contains all the nutrients 
essential for growth The important constituents of milk are water, fats, 
casern,® lactalbumin,®"* lactoglobulin,^’® lactose, lecithin,® cholesterol,^ 
urea,® ammonia,® the puiine bases, alcohol-soluble protein,^® inorganic 
salts, enzymes, and unidentified accessory factois Many foieign 
substances, such as flavors, condiments, and stimulants, mtroduced with 
the food, are secreted m the milk 

A brief review of the more characteristic investigations relatmg to milk 
production of adult animals and to the subsequent giowth of young may 
throw light on the natuie of the catalytic substances present in milk 

Decaisne,^® during the siege of Pans, made an observation upon the 
milk pioduction of forty-three women and the behavior of their infants 
Twelve stiong, healthy women had plenty of milk of good quality and 
their children. obtained enough milk at the expense of catabolized tissue 
of the mothers Fifteen women had little milk of pool quality Their 
children became weak and had enteritis Sixteen women had very little 
milk and more than thiee-fouiths of the children died fiom starvation 
Most of the foity-three women appeared to be suffering from malnutrition 
Milk analyses revealed that the amount of fats, casein, milk-sugar, and 
salts was diminished while albumin mcreased as a result of insufficient 
nutrition 

McCollum and Davis^® have shown that young rats mamtamed normal 
growth for periods of 70 to 120 days on a ration of purified food substances 


* Veinois, A -G -M , and Becquerel, A , Ann Hyg , 1853, xlix, 257, 1, 43 
s Sebelien, J , Z physiol Chem , 1885, ix, 445 

* Hallibuiton, W D , / Physiol , 1890, xi. 448 
® Sebelien, J , J Physiol , 1891, xii, 95 

® Stoklasa, J , Z physiol. Chem , 1897, xxiii, 343. 

Filia, A , Riv dm pediat , 1914, xii, 339 
8 Schondorff, B , Arch, ges Physiol , 1900, Ixxxi, 42 
» Sherman, H C , Berg, W N , Cohen, L J*, and Whitman, W G , 
J Biol Chem , 1907, in, 171 

1® Osbome, T B , and Wakeman, A J , J Biol Chem ,T918, xxxiii, 7 
“ Osborne, T B , and Mendel, L B , Cainegie Institution of Washing- 
ton, Publication No 156, 1911, pts. 1 and 2 
1® Hopkins, F G , J Physiol , 1912, xliv, 425 
13 Decaisne, E , Qez m6d , 1871, xxvi, 317 

1* McCollum, E. V , and Davis, M , J Biol Chem , 1913, xv, 167. 
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consisting of casern, caibohydrate, and salt mixtuies or the same lation 
in which a part of the carbohydiates was replaced by lard Upon these 
rations females did not become pregnant, however, upon the addition of 1 
gm of ether extract of egg or butter, not only was growth lesumedbut 
they also became pregnant and gave birth to young Some of the young 
animals were eaten by their motheis, others were reared but w^ere very 
much undei sized The cause of the subnormal growth of young w'as due to 
the insufficient milk production of the mothers 

Osboine and Mendel,^® working with young wffiite lats, found that the 
milk food, which consisted of milk powder, 60 per cent, starch, 12 per cent, 
and lard, 28 per cent, was an adequate diet and animals not only had 
grown from mfancy to full maturity, but also gave birth to young which 
m turn thrived upon the same diet 

Halt and Humphrey,^® usmg t’wo grades of Holstems, show'ed that the 
nitrogen of alfalfa hay is quite efficient for milk protein buildmg From 
the fact that alfalfa hay contains a relatively small amount of acid amide 
nitrogen and a much greater amount of ammo-acid nitiogen, they drew' 
the conclusion that the real nutiitive nitrogen value of alfalfa hay lay m 
the ammo-acid nitiogen They made^^ a comparison of the relative 
efficiency of the ingestion of the protems of milk, corn, and wheat grain 
on milk production, they foimd milk protem most effective and w'heat 
gram least effective Durmg the negative nitrogen balance w'hich followed 
corn 01 wheat protein mgestion they observed enhanced tissue autolysis 
The production of milk remamed the same both m volume and concen- 
tration for a shoit period at the expense of catabolized tissue 

McCollum, Simmonds, and Pitz^® found that young rats were able to 
grow normally upon a ration containing wheat, casern, dextrin, butter 
fat, and salt mixture Females gave birth to litters of young, but the 
mothers failed to rear young on this diet The lack of suitable milk pro- 
duction by the mother was due to the shortage of the water-soluble 
accessory factor m the milk These results are the experimental proof of 
their earlier statement that the unidentified fat-soluble and water- 
soluble accessory substances of the diet “pass mto the. milk only as they 
are present m the diet of the mother, and that milks may vary in their 
giowth-promoting powei when the diets of the lactatmg animals diffei 
widely in then satisfactoriness for the grow'th of young 

Daniels and Nichols,®” woikmg with the soy bean rations, came to the 
conclusion that very young lats required a greater amount of fat-soluble 
accessory factor than adults to pass the early growmg period successfully 


1® Osboine, T, B., and Mendel, LB,/ Biol Chem , 1913, xv, 311 
^® Hart, E B , and Humphrey, G G , J Bwl Chem , 1914, xix, 127 
Hart, E B , and Humphrey, G G , / Btol Chem , 1915, xxi, 239 
McCollum, E V , Simmonds, N , and Pitz, W , J Biol Chem , 1916- 
17, xxviii, 211 

McCollum, E V , Simmonds, N , and Pitz, W , J Biol Chem , 1916, 
xxvii, 33 

Daniels, A. L , and Nichols, N B , J. Biol Chem , 1917 , xxxvi, 91 
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Loeb and Noithi have been able to show that the imago of the fruit 
fly (Diosophxla) can live on “glucose-agar” alone, while the larvae cannot 
grow on “glucose-agar” unless yeast is added The larvae needed an 
adequate diet foi body building while the imago, the full grown organism, 
appeared to be in no need of such growth-inducing substances as are 
present in yeast 

Stepp2® lias pointed out that the substance in cow’s milk, which in 
minute quantities suffices to mduce normal growth of young mice when 
added to an inadequate diet, is not fat, cholesterm, lecithin, or salts 
Meigs and Marsh^® obtained two unknown substances from cow’s milk, 
one alcohol-soluble and the other ether-soluble, which are claimed to be 
important constituents of diets The former substance contained 13 8 
per cent of nitrogen and its ash showed the presence of phosphorus , while 
the latter contained no nitrogen, but contained a considerable amount of 
sulfui The amount of these substances dimmished with the pi ogress of 
lactation 


Methods and Material Employed. 

The albino rats used by us were raised in our own laboratory. 
They were fed with wheat bread soaked in whole milk, fresh 
carrots, and occasionally a small amount of fresh meat (beef). 
This normal diet was designated as Ration N. 

The animals were from 90 to 300 days old This includes the 
period of rapid growth and the attainment of maturity Also 
the most successful reproductions occur m this period. Pregnant 
animals on a normal diet were placed in separate metal cages, 
having sawdust- and newspaper-sprinkled floors, as soon as their 
condition was discovered and were put on the special diets which 
were continued until the end of the experimental period. In 
choosing the pregnant females among normally fed animals, care 
was taken to select only those in good health. A large number 
of pregnant rats were fed with the normal diet at the same time 
that the experimental diets were being investigated. 

The animals were weighed together upon the day of birth 
(less than 12 hours after birth) and every alternate day The 
size of the litter as well as the physical condition and body weight 
of the mother at the birth of the young and during the experi- 

Loeb, J , and Noitbiop, J H , J Biol Chem , 1917, xxxii, 103 

22 Stepp, W , Z Biol , 1911-12, Ivii, 135 

22 Meigs, E B , and Marsh, H L , J Biol, Chem , 1913-14, xvi, 147. 
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mental period were recorded. The sex of the new-born animals 
was determined by the method devised bj^ Jackson 

It IS a well known fact that generally male albino rats weigh 
more than females throughout life King®® has found in 85 
litters examined that the average weight at birth of the male 
albino rats is 4 54 gm , and that of the females is 4 27 gm , while 
Jackson®^ reported 5 13 gm for males and 4 89 gm. for females 
in 63 and 66 animals respectively. The different factors which 
might influence the body weight of the albino rats at birth are 
summarized by King as follows (a) The age of the mother; 
(b) the physical condition of the mother, (c) the body weight 
of the mother; (d) the size of the htter, (e) the position of the 
litter in the litter series; and (/) the length of the gestation 
period ®® 

King’s interesting graphic comparison®® shows that during the 
first 60 days the growth curve of female albino rats runs veiy 
closely to the growth curve of the males, but then the curves 
begin to separate rapidly, i e , males surpassing females in bodj’^ 
weight 

We have not attempted to weigh young males and females 
separately during the first 30 days for two reasons first, there is 
no object in the determination of the body weights at definite 
ages, second, we are interested only in seeing what difference 
there is in the body weight and general condition of the young 
when the mother’s diet is changed to the experimental diet. 

The relative effective value of foods was determined by the 
change in the body weights of young rats at seven selected ages, 
namely, at birth, and on the 5th, 10th, 15th, 20th, 25th, and 
30th days, and comparing these weights with those of young 
whose mothers were fed on a normal diet 

The following rations were employed in this investigation and 
the methods of preparation for the individual food substances 
are discussed in detail. 

-■* Jackson, C M , Biol. Bull , 1912, xxui, 171 
King, H D , Anat Rec , 1915, ix, 213 

2® King, H D , Amt. Rec , 1915, ix, 761 
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Ration N 

Bread 

Carrots 

Milk 


Ration Y 



percent 

Bananas 

83 5 

Casein 

16 0 

Yeast 

0 5 


Ration M 

per cent 

83 5 
16 00 
0 6 

10 0 cc each animal 

Ration P 

per cent 

. 83 0 
16 0 
. 0 5 

. 0 5 


Ration S 

per cent 

Bananas 83 22 

Casein 16 00 

Yeast 0 50 

Salt mixture 0 28 

Ration N S 

per cent 

Bananas . 83 22 

Casein 16 00 

Yeast 0 50 

Natural salt mixtuie 0 28 


Bananas 

Casern 

Yeast 

Protein -fiee milk 


Bananas 

Casein 

Yeast 

Milk 


Bananas 

Ration L 

per cent 

83 00 

Casein 

* 

16 00 

Yeast 


0 50 

Lactose 


0 50 

Bananas - 

-In a recent article Hess and linger®^ 

have sho 


that fresh young vegetables possess a much greater amount 
of antiscorbutic and growth-promoting substances than old 
vegetables. 

Hess, A. F , and TJnger, L J , J Biol Chem , 1919, xxxviii, 293, 
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Abderhalden and Lampe^s and Funk^** showed that cooked 
polished rice took much longer to produce polyneuritis in pigeons 
than uncooked polished rice They suggested that the beneficial 
action of the cooked rice was due partly to the intake of rela- 
tively smaller amounts of carbohydrate by the birds 

In a preliminary communication/ we have reported that a 
banana diet maintained the life of young albino rats much longer 
than when fed on carrots as the sole food We believed that the 
difference in the nutrition of young animals when fed upon these 
closely allied forms of foods is due partly to a difference in the 
degree of digestibility Another example of how easily digestible 
foods influence the maintenance of animal hfe is seen in the fact 
that rats can live very much longer on the cooked white potato 
(Irish) than on uncooked potato. Detailed investigation on the 
nutritive value of potato will be given in a later paper Through- 
out the experiments we used only the edible portion of well 
ripened, golden yellow bananas. 

Casein . — McCollum and Davis have purified casein without any 
application of high temperature since they learned that the pro- 
longed heating even at temperatures" of QO-IOO^C causes 
deterioration of the nutritive properties of milk. The growth 
curves showed the absence of unknown growth-promoting sub- 
stances in their purified casein®® They have observed that 
heating casein in a moist condition for 1 hour in an autoclave 
at 15 pounds pressure destroys its biological value as a complete 
protein This particular point is true when a ration con- 
tained 5 per cent casein,®® but when a ration contained 10 per 
cent casein,®® the difference of the nutritive value in the heated 
and unhcated casein is not clearly shown 

Funk and Macallum,®^ in order to free commercial casein from 
the traces of unknown accessory substances, extracted it by 

28 Abdeihalden, E , and Lampd, A E , Z ges. exp Med , 1913, i, 296. 

29 Funk, C , Z physiol Chem , 1914, Ixxxix, 373. 

99 McCollum, E V , and Davis, M , J Biol Chem , 1915, xxiii, 231 

91 McCollum, E V , and Davis, M , J Biol Chem , 1915, xxiii, 247 

92 McCollum and Davis, 9i Chait 5 

« 93 McCollum and Davis,9i Chait 6 

9* Funk, C , and Macallum, A. B , Z physiol. Chem , 1914, xcii, 13 , J 
Biol. Chem , 1916, xxvii, 51 
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refluxing for 6 hours with boihng 95 per cent alcohol. They 
found that the process did not alter the nutritive properties of 
the protein 

Drummond®^ has extracted the dried caseinogen with two 
changes of alcohol for 6 hours at 60°C., and then with ether for 6 
hours This method of purification did not make it unsuitable 
foi the rats However, he has observed in two cases that when 
the caseinogen was extracted with hot alcohol in a slightly moist 
condition, there was some chemical change and it lost its protein 
value 

The casein we employed was prepared from commercial, 
washed casein by boiling for 2 hours with 95 per cent ethyl 
alcohol It was filtered after standing over night at room tem- 
perature and. the casein washed well with fresh alcohol and then 
allowed to dry m the air. A former experiment®® showed clearly 
that our purified casein was free from unidentified accessory 
factors, it was not toxic, and it possessed full biological value 
as a complete protein 

Yeast — The shortage of water-soluble accessory substance in 
bananas was supplied from yeast.®’'-®® Fresh yeast®® was filtered, 
pressed, dried in the air at room temperature, and was then well 
ground During drying, mold has generally grown on the surface 
of the yeast. 

Protein-Free Milk. — The fact that young white rats have failed 
to grow upon the isolated food substances, but rapid recovery 
of health and growth have followed when 28 per cent of protein- 
free milk has replaced the inorganic elements and a part of the 
carbohydrate in food, led Osborne and Mendel to conclude that 
their natural protein-free milk contains unidentified water- 
soluble accessory substances Later Osborne and Mendel®® 

3® Drummond, J, C , Biochcm J , 1916, x, 89 

3® Sugiuia, K , and Benedict, S E, , / Biol Ohem , 1919, xxxix, 421, 
Experiment 1 

Funk, G , and Macallum, A B , J. Btol Cheni , 1915, xxiii, 413 

®® Osboine, T. B , and Mendel, LB,/ Biol Chem , 1917, xxxi, 149 

The yeast was obtained from the Lion Brewery, New York City. 

Osborne, T. B., and Mendel, L B , Carnegie Institution of Washington^ 
Publication No 156, 1911, pt 2,Z physiol Chem , 1912, Ixxx, 356; J Biol 
Chem , 1912, xii, 473; 1913, xv, 311; 1915, xx, 351; 1916, xxvi, 1 
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have shown that, the protem-free milk appeared to contain a 
new unidentified accessory substance which is not present in 
yeast. 

We have prepared natural protem-free milk from fresh skimmed 
milk^’- according to the procedure used by Osborne and Mendel 
Different chemical analyses show that the contents of our prepa- 
rations are nearly the same as those found by Osborne and 
Mendel. 

Salt Mixtures — The importance of the individual inorganic 
salts in the r61e of nutrition has been clearly shown and dis- 
cussed Our artificial salt mixture was prepared according to 
Osborne and Mendel ^ The natural salt mixture was prepared 
by igmting our protem-free milk until entirely free from carbon 
The inorganic residue gave 14 3 per cent of the original material. 

Lactose . — Hopkins and Neville/® Sweet, Corson-White, and 
Saxon, McCollum and Davis, and Drummond®® have clearly 
shown that the lactose, prepared from milk, may contain traces 
of mipurities which act as a growth-promoting substance, and 
such substances can be removed by means of purification with 
95 per cent alcohol. 

We have purified lactose (Merck) by means of recrystallization 
from ethyl alcohol The crystalline lactose was dried m a 
vacuum desiccator over sulfuric acid 

The milk was obtained fiom the Walker-Gordon Laboratory Company, 
New Yoxk City 

^2 Osborne, T B , and Mendel, L B , Carnegie Institution of Washington, 
Pubhcaiion No 156, 1911, pt 2 

•‘’Rohmann, T, Allg med Centml-Z , 1908, Ixxvii, 129 McCollum, 
E V , Am J Phijsiol , 1909-10, xxv, 120 Evvard, J M , Dox, A W , 
and Guein&oy, S G , Am J Physiol , 1914, xxxiv, 312 Halt, E B , and 
McCollum, E V , J Biol Chem , 1914, xix, 373 Hogan, A G., J Biol 
Chem , 1916, xwii, 193 Osborne, T B , and Mendel, L B , J Biol Chem., 
1918, XXXIV, 131 Stccnbock, H , Kent, H E , and Gioss, E. G , / Biol 
Chem , 1918, XXXV, 61 Sherman, H C , Ghomistiy of food and nutrition, 
New York, 2nd edition, 1918, 234 

O&boiiie, T B , and Mendel, L B , J Biol Chem , 1913, xv, 317, Salt 
Mixtuie IV, mmus the lactose 

Hopkins, F G , and Neville, A., Biochcm J , 1913, vii, 97 
Sweet, J E , Coison-White, E P., and Saxon, G J , J Biol Chem , 
1916, XXI, 309 

McCollum, E V , and Davis, M., J. Biol. Chem , 1915, xxiii, 181 
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Experimental Results. 

Our expenmental results are compiled in Tables I to VII, 

From the experiments we obtained the following facts. 

(1) The comparative number of young born per litter from 
mothers fed with different rations is summarized in Table VIII. 
(2) The average number of days when the young from mothers fed 
on the different diets opened their eyes was noted and found to be 
15 6 forEationN, 16.0 for Ration Y, 16 0 for Ration M, 15 6 for 
Ration P, and 15 9 for Ration L. (3) The total per cents of young 
rats which were born under the following diets and which have 
thrived during the experimental periods of 30 days were found to 
be with the normal diet, 71; with Ration Y, 20; with Ration M, 
87 , with Ration P, 71 ; and with Ration L, 26. (4) The addition of 
0 5 per cent of protein-free milk to the mother’s diet, which con- 
sisted of bananas, 83 0, casein, 16 0, and yeast, 0 5 per cent, not 
only maintained her body weight throughout the lactation 
period, but also gave excellent milk supply both in quantity and 
quality (Table IV), (5) The amount of the food. Ration P, 
eaten by the mother during the lactation period increased as 
lactation progressed (6) The addition of 0 28 per cent of salt 
mixture, either artificial or natural, had no beneficial action 
upon the banana-casein-yeast diet (Tables V and VI) (7) The 
addition of 0.5 per cent of purified lactose to the banana-casein- 
yeast diet increased slightly its nutritive value. A small num- 
ber of young were reared by the mothers on this diet, but their 
body weights were very much below normal (Table VII). (8) 
Table IX sho^vs more clearly the relative effective value of 
foods The weights are the average of the rats which survived 
during the experimental periods. These figures arc compiled 
from Tables I to VII. 
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TABLE VIII 


Mothei 's ration 

No of littei 5 examined 

Average no of young 
per litter 

N. 

14 

8 3 

Y. 

7 

7 1 

M 

4 

7 8 

P 

7 

6 9 

S. 

3 

6 7 

NS. 

2 

7 0 

L 

18 

6 5 


TABLE IX 


Day of 

Weight of rats on experimental diets 

deterimn- 







' 

ation 

Ration N 

Ration Y 

Ration M 

Ration P 

Ration S 

Ration 

N S 

Ration L, 


gm 

gm 

gm 

gm 

gm 

am 

gm 

Birth 

4 86 

4 14 

4 33 

4 68 

4 16 

4 20 

4 45 

5th. 

7 98 

5 32 

6 94 

8 10 

6 24 

5 28 

6 07 


11 82 

7 24 

10 36 

12 26 

4 


9 40 

15th 

15 59 

9 94 

13 68 

15 88 



12 03 


20 60 

11 18 

17 48 

19 63 



14 21 

26th 

26 05 

12 62 

21 66 

27 16 



19 07 ‘ 


31 37 

16 53 

26 40 

34 34 



21 89 


* Died 


DISCUSSION. 

Our results show that whole milk, or protein-free milk is 
effective in making a banana-casein-yeast diet complete for 
milk production 

According to Osborne and Mendel, their protem-free milk 
contains 0 48 per cent of non-protein nitrogen, and 0.28 per cent 
of protein nitrogen. They have stated that the amount of milk 
protein in the protein-free milk was not the cause of inducing 
the growth of the retarded animals On the other hand, McCol- 
lum and Davis^® argue that the nitrogen of the protem-free milk 
IS eqmvalent to milk protein nitrogen as a nutrient for young 
rats. Osborne and MendeP® answer the criticism of McCollum 

McCollum, E V , and Davis, M , /. Biol. Chem , 1915, xx, 641 
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and Davis by showing very remarkably different chemical proper- 
ties possessed by the protein-free milk and yeast. They say. 

“On a ration of purified casein, ‘artificial protein-free milk,* starch, 
laid, butter fat, and 1 5 per cent of dried yeast, rats of both sexes have 
grown from about 60 gm body weight to maturity, and have even pro- 
duced young . Adult rats have been mamtamed for more than 

300 days For some as yet unknown reason the majority of the rats grew 
normally when the protein used was casern, whereas they have usually 
failed when it was edestin, and almost mvariably when laetalbumin, 
cotton seed globulin, cotton seed proteins, or squash seed globulin was 
fed This result surprised us because all of these protems*® had earlier 
led to normal growth when used in rations containing natural ‘piotem-free 
milk.* ** 

From these experiments, Osborne and Mendel make the sug- 
gestion that the unknown nitrogenous constituents in the pro- 
tein-free milk may supply the unrecognized deficient substances 
in these proteins Assuming Osborne and Mendel's figures to 
be correct, we added only 0 0088 per cent of milk protein from 
the protem-free milk We believe this amount does nol exercise 
any influential effect upon the nutritive efficiency of the dietary. 

Interesting investigation on the nature of laetalbumin as a 
complete protein has been made by Emmett and Luros They 
concluded, from the fact that lactose supplemented laetalbumin, 
that the former either acted as a buffer to overcome the toxicity 
present m the diet, or it adsorbed a new water-soluble growth - 
promoting substance 

In a recent paper, Kennedy®^ has reported that protein-free 
milk contains “either unprecipitated protein, oi peptids of 
considerable size " 


CONCLUSIONS 

1. A diet consisting of bananas, 83 0 per cent, casein, 16 0 
per cent, yeast, 0.5 per cent, and protem-free milk, 0 5 per cent 
IS an adequate diet for the growth, maintenance, reproduction, 
and perfect milk production of the albino rats. 

Osborne, T B , Srud Mendel, L B , .7. Biol Chem,, 1912, xii, 473, 1915, 
XX, 351 , 1916, XXVI, 1 

BO Emmett, A. D., and Luros, G O , J. Biol Cliem , 1919, xxxviii, 147. 

O'- Kennedy, C., J. Am Chem Soc,, 1919, xli, 388 
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2. Protem-free milk contains a substance which is needed for 
suitable milk production by the mother. 

3. This substance appears not to be associated with purified 
milk-sugar or inorganic constituents of milk. 

4. This peculiarity possessed by the protein-free milk indicates 
that it contains a new accessory substance which is lacking in 
yeast. 

5. Our experiments suggest that a combination of bananas and 
milk, in proper proportion, constitutes a complete food. 



FURTHER CONTRIBUTIONS TO THE PHYSIOLOGY OF 
PHOSPHORUS AND CALCIUM METABOLISM 
OF DAIRY COWS.* 

By EDWARD B. MEIGS, N R. BLATHERWICK, and C A CARY. 
With the Collaboration of T. E Woodward 

{From the Research Lahoratones of the Dairy Division, Bureau of Animal 
Industry, United States Department of Agriculture ) 

(Received for publication, September 24, 1919.) 

Recent work has made it seem probable that the amount of 
calcium and phosphorus contained in the rations of dairy cows is 
a matter of great practical importance In a comprehensive 
series of experiments on liberally milking cows, Forbes and co- 
workers^ have found that the calcium balances were always nega- 
tive and the phosphorus balances usually so, and this in spite 
of the fact that the rations were liberal and, in many cases, con- 
tained more calcium and phosphorus than is ordinarily fed even 
to high producing cows. 

In view of these and other results with the same general ten- 
dency, it seems desirable that calcium and phosphorus metabolism 
in dairy cows be intensively studied, and we have recently carried 
out a series of experiments on cows in which the calcium, phos- 
phorus, and nitrogen balances were followed. 

Objects of the Experiments. 

Our experiments were planned to throw light on a number of 
points. It has been the custom at the Government Farm at 
Beltsville, Md., as it probably is on most dairy farms, to feed 
cows according to their milk yield. As the milk yield decreases 

*Published with the permission of the Secretary of Agriculture 

^ Forbes, E B , Beegle, F M , Fritz, C M , Morgan, L E , and Rhue, 
S. N., Ohio Agric Exp Station, Bull 89S, 1916; ibid , Bull 308, 1917 
Forbes, E B , Halverson, J 0 , and Morgan, L E , ibid , Bull, 3S0, 1918. 
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with the progress of lactation, the feed — particularly the grain — 
IS reduced, and reaches its lowest point when the cow becomes 
altogether dry, generally only a few weeks before the next calf is 
born The routine ration fed to the dry cows at Beltsville is 
shown in Table III, as the ration fed to Cow 51 from February 
17 to March 10, 1919. It contains sufficient protein, fat, and 
carbohydrate to provide liberally for the maintenance of the cow 
and the growth of the unborn caK, as calculated from the figures 
given in the standard text-books. 

In most dairy rations, the grain contains a large proportion of 
the phosphorus, and the ration in question is no exception to this 
rule (Table V) As it is the gram which is chiefly reduced in the 
rations of the dry cows, it becomes an interesting question whether 
these cows receive sufficient phosphorus to provide for the opti- 
mum milk yield m the next lactation. 

We have recently reported experiments in which the concen- 
tration of phosphorus in the blood plasma of dry, pregnant cows 
has been followed.^ Though the cows were fed a much higher 
gram ration than the one m question, there was nevertheless a 
decided tendency for the concentration of phosphorus in the blood 
plasma to fall off toward the end of pregnancy In other 
unpubhshed expeiiments, we have found that this tendency is 
more marked when the gram ration is lower. 

We are engaged at present in carrying out experiments to 
determme whether the ration described above can be improved 
from the practical standpoint by adding sodium phosphate to it, 
and by feeding it m a manner which we judged would facilitate 
the absorption of phosphorus There is considerable evidence to 
show that the absorption of phosphorus from the intestinal tract 
may be hindered by the simultaneous presence of calcium com- 
pounds.®-^ We have, therefore, attempted to separate the calcium 

® Meigs, E. B , Blatherwick, N R., and Cary, C A , J Biol Ovem , 
1'919, xxxvii, 1. The experiments in question are referred to on pp 45 and 
46 

® Hammarsten, 0 , A text-book of physiological chemistry, translated 
by Mandel, J. A , New York and London, 7th edition, 1915, 762 Forbes, 
E B , with collaborators, Ohio Agric Exp. Station, Techn Bull 6, 1915, 
66 


< Bertram, J , Z, Biol , 1878, xiv, 335. 
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and phosphorus compounds in the intestinal tract by feeding the 
gram and hay of the rations on alternate days. This method of 
feeding is shown in Table III as the ration fed to Cow 63 from 
February 17 to March 10. 

The milk yield of cows fed, for several weeks before calving, 
in this manner has been compared with that of control animals 
fed like Cow 51, February 17 to March 10 (Table III) So far, 
about a dozen experiments and controls have been carried through 
altogether, and the results indicate that the cows on the experi- 
mental feeding gam weight and improve m condition at least as 
satisfactorily as the controls and that their milk yield m the next 
succeeding lactation is decidedly larger 

We do not consider the results sufficiently numerous as yet to 
be final, and we are carrying out fuither experiments of the same 
sort. But, in the meantime, we wished to study the effects of the 
experimental feeding on calcium and phosphorus assmiilation, 
and the experiments to be reported m this article have been 
planned with that end m view 

This made it possible to study the effects of feeding phosphate 
on the urinary and fecal excretion of phosphorus We have 
previously shown that feeding phosphate tends to increase the 
concentration of phosphorus in the blood ® It seemed worth 
while, therefore, to take a certam number of blood samples during 
the course of the balance experiments and to study the triple 
relationship between phosphorus in the rations, in the blood, and 
in the urine 


General Plan of Ex'penmenis. 

Two healthy, grade Holstein cows were selected, each of which 
had been dry for about a month. Each had been fed foi some 
time previous to the begmnmg of the experiment on the same 
ration that she was to have during the first part of the experiment 
Both were m the last third of pregnancy One, No. 51, was due 
to calve on April 17, 1919, 59 days after the begmnmg of the 
experiment, the other. No 63, on May 4, 1919, 76 days after the 
beginning of the experiment. Their weights are given in Table I. 

® Meigs, E B , Blatheru^ck, N R , and Cary, C A , J Biol, Chem , 
1919, xxxvn, 46 
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On February 17, 1919, the cows were brought into the stalls 
in which the experiment was to be carried out. These stalls, in 
the basement of the laboratory building, were built of wood. 
Their construction was in general similar to that to which the 
cows were accustomed. They were provided with mangers so 
constructed as to prevent effectively the scattering of the rations, 
and with beds made of several layers of sacking. The cows were 
held in stanchions like those to which they were accustomed. 
The temperature in the experiment room ranged from 10-18“C. 

The urine and feces were collected in essentially the same 
manner as in Forbes’^ experiments. Three men were employed, 
each of whom remained behind the cows for 8 hours out of the 24, 
and were provided with shovels and large, galvanized iron dippers 
in which to catch the feces and urine, respectively, before they 
reached the ground. In addition, a long, galvanized iron pan 
was placed behind each cow to catch any of the excreta that might 
accidentally fall The feces caught in the shovels were trans- 
ferred to covered, galvanized iron garbage cans, and the urine 
caught in the dippers was transferred to glass carboys. The 
excreta which fell accidentally were placed in separate receptacles 
and weighed. The total amount, however, throughout the course 
of the experiments was so small that no conceivable departure of 
its composition from the average could have had any perceptible 
effect on the results It was therefore simply brought into the 
calculation as a part of the daily amount of excreta voided, but 
was not separately analyzed. 

The experimental day began and ended at 10 a.m. At this 
time the urine and feces collected m the previous 24 hours were 
weighed and aliquot samples of each were set aside. As an aliquot 
from the feces we took of the total amount voided in the 24 
hours and added a small amount of chloroform as a preservative 
From the urine we took two ahquots in each case, one for the 
nitrogen determination, and the other for the calcium and phos- 
phorus determinations The first of these amounted to 20 cc per 
pound of urine voided, and was preserved with a small amount of 
chloroform The second amounted to 100 cc. per pound of urine 
, voided. To this quantity enough strong HCl was added to make 
the resulting mixture distinctly acid to litmus after all the CO 2 
had been driven off. The amount of HCl added was measured 
and recorded, and a small amount of chloroform was added. 



473 


Meigs, Blatherwick, and Cary 

The experimental period lasted in each case for 4 days. The 
aliquots obtained during this period were thoroughly mixed, and 
in this way representative samples were obtained for analysis. 
The results, however, are given as the daily average for each of 
the 4 day periods. 

On February 17, 1919, a blood sample was obtained from each 
cow at about Sam, the cows were brought into the experimental 
stalls about 9 a.m , and their urine was collected for the next 18 
hours. From February 18 untd March 2, 1919, inclusive, the 
urine and feces were not collected, but otherwise the cows were 
kept under the same routine as during the collection periods. 
The rations given to each are shown in Table III. 

The balance experiment began on March 3. About 8 a.m. on 
this date a second blood sample was obtained from each cow, and 
at 10 a.m. the collection of the urine and feces was begun. This 
was continued until 10 a.m on March 11, the intervening 8 days 
being divided into two 4 day collection periods as described above. 
On the morning of March 11, a third blood sample was obtained 
from each cow, and the rations were reversed as shown in Table 
III. The period from March 11 to 20, inclusive, served as an 
intermediate period to accustom the cows to the new rations. 
The excreta were not collected 

On the morning of March 21, it was evident that No. 51 was 
going to abort, and she had to be discarded as a subject for the 
experiment The abortion took place that evening. The calf 
was born dead, but it weighed about 30 kilos and was well formed 
for a calf born 4 weeks too early. A few weeks later No. 51 was 
tested for contagious abortion and reacted positively. 

It was decided to carry the experiment on with No 63 as orig- 
inally planned, and to substitute for No 51 another cow^. No. 66, 
which had for 88 days previously been receiving the same alter- 
nated rations that were supphed to No. 51 from March 11 to 20. 
This cow was a grade Guernsey, and was neither pregnant nor 
milking, but it was thought that some further data could be 
obtained from her in regard to the effects of phosphate feeding 
on the concentration of phosphorus in the blood and the elimina- 
tion of phosphorus-and calcium in the urine. 

At 7 30 on the morning of March 21, therefore, blood samples 
were obtamed from Nos 63 and 66 and at 10 a.m the collection 
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of urine and feces was started It was continued as before for 
two 4 day periods. At the end of the second one, blood samples 
were again taken and the expeiiment was concluded. 

No 63 gave birth to a normal calf, which weighed 31.4 kilos, 
on the morning of April 25, 1919 

The cows were, of course, closely watched for any abnormalities 
of appetite or general behavior! No 51 showed no outward 
sign of disturbance by the experimental routine at any time, 
except that she drank less water during the collection periods 
than during the intermediate period (Table II). 

No 63, on the other hand, gave signs of being disturbed by 
various parts of the procedure. During the prehmmary period 
(February 17 to March 2), she refused a part of her ration, 
although she had eaten it weU for the entire previous 2 weeks m 
the general barn; her silage had to be reduced She consumed 
the reduced ration for a day or two, but began to refuse some of 
it again as soon as the collection of urine and feces began During 
the first 60 hours of the first collection period, she did not he 
down in her stall, probably on account of abrasions which had 
developed on her hips and shoulders, and toward the end of this 
60 houis she became obviously extremely nervous and uncom- 
fortable The difficulty was overcome by providing her with 
sacks filled with straw for a bed.® Like No 51, she drank less 
water m the collection periods than m the intermediate period. 
She also consistently refused some of her hay and silage in the 
collection periods in spite of the fact that heri’ation had been cut 
down. During the intermediate period, March 11 to 20, she 
refused only very small portions of her feed (Table IV). 

No. 66, March 21 to 28, suffered, of course, from the double 
disturbance of new surroundings and collection of urine and feces 
Her appetite was not much affected. She ate her rations, except 
for the stems of the hay and the cobs in the silage, but she drank 
very little water, and was obviously nervous under the experi- 
mental routine She would start when anyone went near her or 
touched her, and would often begin the act of urination, and then 
discontinue it when the attendant approached her. 

® All cows* were provided with beds of this sort from the beginning of 
the intei mediate peiiod, Mar 11 to 20 
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Analytical Methods. 

In undertaking our analyses of the materials fed to the cattle, 
we realized keenly the difficulties which might lead us mto error. 
The errors to be expected may be summed up under two heads; 
those due to the fact that all the feeding materials contain a con- 
siderable and more or less inconstant percentage of water, and 
those due to the difficulty of obtaining representative samples for 
analysis — particularly from such materials as corn silage and 
alfalfa hay. Our preliminary experience showed us that these 
difficulties are very real. 

They are to be avoided by grinding large samples, by thorough 
mixing of the ground material, and by making sufficiently numerous 
moisture determinations The process of grinding often produces 
very considerable changes in water content, which must be ade- 
quately controlled. 

We evolved a procedure which gave satisfactory results, but we 
do not think it necessary to give it in detail Its detailed descrip- 
tion would occupy a great deal of space, and the precautions are 
such as would occur to anyone seriously interested in the subject. 
We prepared enough hay and gram at the beginning to last through 
the experiment, but with the sdage we found it advantageous to 
take out aliquot samples for analysis from each feed The aliquots 
for each collection period were thoroughly mixed and analyzed 
separately from those of the other periods, and in our tables, 
therefore, the composition of the silage fed is given for each period 
separately. The composition of the various feeds is given m 
Table V, and the composition of the feed refused, in Table VI 
In a footnote to Table IV are given details concerning the manner 
in which the feed refused was handled. 

The analytical methods used, were, in general, those described 
in our previous article,® Some modifications have, however, been 
introduced as indicated below. 

For calcium determinations we ashed some of oiu samples of 
feces and some of our samples of hay in platinum ciucibles over a 
free flame or in an electric fm’nace, instead of with mtric and 
sulfuric acids We found it most convenient to determine calcium 
in urine directly without ashmg, as suggested by McCrudden.’ 

» McCrudden, F. H , J BioL Clicm., 1911-12, x, 199. 


THE 30VKSA.T. OP BIOlOGIOAl, CHEMISTBT, VOL XL, NO 2 
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In some calcium determinations, also, in material ashed with 
nitric and sulfuric acids, we omitted the preliminary precipitation 
of the calcium as sulfate, our new procedure being as follows: 

The acid ash is boiled with about 25 cc. of water as usual and 
then made up to approximately 75 cc. with water. One drop of 
0.006 per cent phenolsulfonephthalem is added and 28 per cent 
NHs until the color changes thiough yellow to pink The mixture 
is cooled and 10 per cent HCl is added drop by drop until the color 
changes back to clear yellow; 10 cc. of 0.5 n HCl and 10 cc. of 
1.75 per cent H 2 C 2 O 4 are then added; the mixture is heated to 
boihng; 20 cc. of saturated (NH 4 ) 2 C 204 solution are added; and 
the mixture is kept gently boihng until the precipitate becomes 
coarse (15 to 30 minutes) It is then cooled to 50° or below, 10 
cc. of 10 per cent NaCgHsOa are added, and the calcium in the 
oxalate precipitate is determmed according to the procedure 
given in our earlier article. 

With these exceptions our analyses were carried out exactly as 
described in our earlier article, and, in the cases where we departed 
from the old procedure, we carried out parallel analyses on the 
same samples of material and satisfied ourselves that the two 
methods gave the same results We determined the moisture in 
our material by drying to constant weight at a temperature 
between 103 and 107° 

We had a good deal of difficulty with the urine. Cow’s urine 
often contains so little calcium and phosphorus that large samples 
must be taken if accurate results are to be obtained. To evaporate 
these large samples and ash the residues over a flame is very 
tedious and troublesome, while, if the samples arc ashed with acid 
mixture, much difficulty is encountered on account of the high 
content of hippuric acid which changes to benzoic acid during the 
ashing After trying various procedures we found that it was 
most satisfactory to determine calcium without ashing as described 
above, and to determine phosphorus in samples which had been 
ashed with sulfuric and nitric acids. The ahquot samples of mme 
were immediately mixed with enough hydrochloric acid to drive off 
all the caibonate and render them distinctly acid to litmus, and 
this treatment brought about the precipitation of a large propor- 
tion of the hippuric acid. Calcium and phosphorus were deter- 
mined after filtering this off. For the determination of nitrogen, 
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of course, it was necessary to set aside other aliquots not acidified 
and preserved only with a small amount of chloroform 

The blood samples were treated and analyzed as described in 
our previous article, except that in some cases a change was made 
in the procedure for calcium, as described above 

In regard to the size of the samples and the accm-acy of the 
determinations in the case of the blood, the remaiks given m our 
earlier article apply also to this mvestigation The figures given 
m our tables for the composition of blood and plasma aie the 
averages of duphcates which generally agreed with one another 
within 5 per cent ^ The same remark applies also to our figures 
for the composition of the urme For the feeds and feces we were 
able to take optimum samples, and the duphcates generally agreed 
more closely. 

The results of our experiments are given in Tables I to XII at 
the end of the article 

Calcium and Phosphorus Metabolism in Balance Experiments 

Our results show a pecuhar relation between calcium and phos- 
phorus assimilation which seems to us to call for very careful 
consideration In every period except that of March 3 to 6, in 
the case of No 51, phosphorus was assimilated in larger absolute 
quantity than calcium. The phosphorus balances were positive 
throughout, while two out of the eight calcium balances were 
negative. 

In six out of the eight periods, we were deahng with cows which 
were carrying calves, and at or beyond the 7th month of pregnancy. 
It is possible to form an approximate estimate of the rapidity 
with which calcium and phosphorus are assimilated by the embryo 
calf in the last 2 months of its intrauterme existence. A calf, 
according to Forbes and Keith,® contains about 1.65 per cent CaO 
and 1.53 per cent P2O5 in its body, and a new-born calf weighs 

8 The difference obtained by subtiacting one figure fiom the other 
was 5 per cent or less of the larger. 

8 Forbes, E. B , and Keith, M. H., Ohio Agnc Evp. Station, Techn Bull. 
5, 1914, 106. 
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about 35 kilos A new-born calf, therefore, would have about 413 
gm. of calcium and 234 gm of phosphorus in its body. 

Forbes and Kerth (page 110)® give the weights and the CaO and 
P2O5 contents of human embryos at various stages. As the human 
and bovine gestation periods are very nearly the same, the figures 
given may be taken as an approximate representation of the 
progress of things in the case of the calf The human embryo 
at 7 months weighs about one-third of what it weighs at term, 
and its body contains about two-thirds the percentage of calcium 
and phosphorus that is contained in that of the new-born infant. 
The 7 months embryo, therefore, would contain about two-ninths 
of the absolute quantities of calcium and phosphorus contained in 
the new-born infant or calf. | of 413 is approximately 92, and 
I of 234 IS 52 In the last 60 days of intrauterine life, therefore, 
the embryo calf must assimilate about 321 gm of calcium or 5.3 
gm, a day, and about 182 gm. of phosphorus, or 3.0 gm. a day 
These figures are of course only rough approximations, but they 
are quite accurate enough for om’ purposes 

Reference to Table X shows that the daily phosphorus assimi- 
lation of Cows 51 and 63 was sometimes above and sometimes 
below 3.0 The average for the six periods m which these cows 
were studied is 3.33, which corresponds satisfactorily with the 
calculated figure. 

The results with regard to calcium metabolism are strikingly 
different The calcium assimilation of our pregnant cows was 
always well below 5 3, the nearest figure to this being 3 5 for No. 
51, March 3 to 6 The average daily calcium assimilation for our 
pregnant cows was only 1.44 gm. This means that if the calves 
were growing at all as they should during the periods of the balance 
experiments their mothers must have been transferring consider- 
able quantities of calcium from their own bones to those of their 
offspring. 

One’s first idea is that our rations must have been markedly 
deficient in calcium We do not think that this was the case. 
We fed alfalfa hay, and the rations contained from 30 to 40 gm. 
of calcium daily This quantity is generally considered liberal, 
and if our rations had been markedly deficient m calcium, the bad 
effects should have shown themselves in imperfectly formed calves 
and in reduced subsequent milk yield; because both cows were on 
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approximatsly the sajne rations they received during the collection 
periods for from 7 to 11 weeks before calving. None of these 
bad effects showed itself. It is true that No. 51 aborted, but 
there was much contagious abortion in the herd at the time, 
and she was shown to have the disease The premature calf 
was large and well formed for a calf born nearly 4 weeks ahead 
of time, and had certainly died only a few hours before its birth. 
No. 63 gave birth to a fair sized and perfectly normal calf at about 
the right time. Both cows have given much more mdk in the 
lactation periods succeeding the experiments than they had ever 
given before. 

We think that the true explanation of our results on calcium 
and phosphorus assimilation is quite different from that which 
has been suggested, and, in order to bring out ceitain important 
aspects of the subject, we wish to call attention to the proportions 
of calcium and phosphorus contained in the bodies of certain 
mammals, and to the results which have been obtamed in balance 
experiments on the same species of mammals m the past. 

The ratio ~ contained m the whole bodies of mammals is fairly 

constant, and somewhat higher in mature than in new-born 
animals. For inature cattle and sheep this ratio is about 1.9.1; 
for mature pigs about 1.6.1.^® Growmg cattle and sheep must 
therefore, on the average, assimilate at least 1.9 parts by weight 
of Ca for 1 part by weight of P, gi’owmg pigs must assimilate 
about 1 6 parts of Ca for 1 part of P. The figures obtained m 
balance experiments carried out in the past deviate largely from 
these ratios and almost universally in the same direction. 

We have made a representative study of the balance experunents 
carried out in the last 60 years, selecting those which included 
work on the calcium and phosphorus balances of healthy growmg 
animals fed on normal or nearly normal rations 

Forbes and Keith ® These latios represent ab.solute weights, not 
equivalents 

“ Lehmann, J , Landw, Ver -Stat , 1859, i, 68 von Gohien, T , ibid , 
1861, 111 , 161 Soxhlet-, Erste Bericht uber Arbeiten dei landwirtschaft- 
lichen-chemischen Versuchs-Station m Wien, 1870-71, 101 Weiske, H , 
J, Landw., 1873, xxi, 139. Hofmeister, V., Landic T'c? -Stat , 1S73, xvi, 
126 Kohler, A., Honeamp, F , Just, M , Volhard, J , Popp, M , and Zahn 
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twelve researches are included the results of 136 separate experi- 


ments. 


In all but eighteen of these the ratio 


Ca assimilation . 

- 

P assimilation 


less than 1.9 for the cattle and sheep, and less than 1.6 for the pigs. 

The unanimity with which balance experiments on growing 
animals show a deficiency in calcium intake as compared to phos- 
phorus intake becomes still more impressive if the contrary cases 
are examined critically. Two of these are from the work of 
Hofmeister. In the same article that author gives figures for 
mature sheep which are plainly incorrect. The figures for the 
mature and growing sheep were obtained by the same methods, 
and it IS justifiable, therefore, to doubt the adequacy of the exper- 
imental methods A satisfactory criticism of Hofmeister’s work 
is given by Neumann 

Six of the other cases m which the calcium assimilation was 


not deficient occur in the work of Forbes, Beegle, Frita, and 
Mensching on pigs The pigs in question had been for 51 days 
on rations which contained from five to ten times as much phos- 
phorus as calcium. Then* calcium and phosphorus assimilation 
was followed during this period, and the calcium assimilation was 
always observed to be markedly deficient with respect to the 
phosphorus. At the end of the 51 days they were changed to a 
“meat meal” or skim milk ration with a comparatively high 

calcium content, and it is under these circumstances that the ^ 


ratio becomes a httle larger than the expected one. 

Four more cases in which the calcium assimilation was not 


deficient with respect to the phosphorus are those of Sawyer, 
Baumann, and Stevens m their work on human beings In this 
work, however, the phosphorus balances were negative throughout; 
and the results, therefore, cannot be taken as representing any- 
thing approaching average conditions in growing human beings. 


O , Landw Ver.-Stat , 1904-05, Ixi, 461. Kohler, A., Honcamp, F., and 
Eisenkolbe, P , %bid , 1907, Ixv, 349 Foibes, E B , with collaborators, 
OhioAgnc Exp Station, Techn, Bidl 6, 1916. Forbes, E. B., Beegle, F, 
M., Fritz, C M., and Mensching, J E , Ohio Agric Exp. Station, Bull. 
S71 , 1914 Sawyer, M , Baumann, L , and Stevens, F , J Biol. Chem , 1918, 
xxxiii, 103 

^Weiske, H., Landw Jahrh , 1880, ix, 205 
Neumann, J , J. Landw , 1893, xli, 343 
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Out of the 136 individual experiments on growing animals, 
therefore, the calcium intake is deficient with respect to the 
phosphorus m 118, and of the eighteen which do not exhibit this 
peculiarity, two are open to grave suspicion of expeiimental error, 
six were carried out under conditions which quite unusually favored 
an excessive calcium intake, and four are of such nature that they 
cannot be regarded as representing growth at all 

Of the remaining six, two occur in the work of Weiske Lambs 
were kept on a fairly uniform ration between the ages of 4 and 14 
months, and 8 day balance periods were run at intervals of about a 
month. If the conditions under which animals are put in balance 
experiments do not disturb calcium and phosphorus metabolism, 
this procedure ought certainly to give a representative picture of 
the manner in which these elements are assimilated between the 
ages of 4 and 14 months, in lambs. 

The whole experiment falls readily into two main periods 
The first of these lasted a little more than 2 months, and in it the 

^ Ca assimilation i i xi • x i. x i 

ratio r-T — was a little larger than is to be expected 

P assimilation 

The second period includes the last 7| months of the expeiiment, 

, . r* 1 XT- X Ca assimilation •, t n tt 

during which the ratio - was decidedly smaller 


P assimilation 


than the expected one 


Ca 


The markedly low ratios during the 


last 7^ months much more than compensate for the slightly high 
ones during the first 2| months; so that, if the figures were repre- 
sentative, the lambs’ bodies at the end of the expeiiment would 
have contained much less calcium in proportion to phosphorus, 
than is normal. 

In view of the many chances of erroi to which balance experi- 
ments are subject, it seems to us remarkable that they should 
agree so nearly umversally m any particular, and we think that 
the results point unmistakably to the conclusion that calcium 
assimilation is interfeied with by the conditions to which animals 
have been subjected in these expeiiments 

We have studied with interest the expeiiments in wdiich calcium 
and phosphorus metabolism have been followed m matuie animals 
not subject to any special demand for these elements, and in 
mature rmlking animals We do not think it worth while to give 
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any detailed discussion of the first of these classes of experiments. 
As was to have been expected, both calcium and phosphorus 
balances are sometimes positive and sometimes negative, but the 
figures aie usually small, and there is no very marked general 
tendency for either element to be gamed or lost faster than the 
other It does not seem to us that these results have any bearing, 
one way or the other, on the view which we have gained from our 
study of the results on growing animals. In mature animals 
which are neither pregnant nor lactating, the assimilative require- 
ments for calcium and phosphorus are small in comparison to those 
met by the young animal and by the pregnant or lactating female, 
and it IS not to be expected that the mildly unusual conditions 
which accompany a well conducted balance experiment could 
show themselves very definitely as a reduction in calcium assimi- 
lation But the results which have been obtained from milking 
animals seem to us to lend strong support to the view that the 
conditions of balance experiments interfere with the absorption^® 
of calcium and to be incomprehensible on any other basis 

We are familiar with experiments by three independent sets of 
investigators, m which the calcium and phosphorus balances 
were followed in milking cows In two of these investigations, 
namely, those of Anger and Forbes, most of the cows were fed on 
what might be called normal average rations, and the results can 
be conveniently considered together. Both calcium and phos- 
phorus balances were generally negative, and the authors conclude 
that it IS usual for milking cows to be talang these elements from 
their bodies m order to put them into the milk 

It IS natural to suppose that the calcium and phosphorus lost 
by the cows in Anger’s and m Forbes' experiments came from the 
bones. The calcium must have come chiefly from the bones, for 

Experiments of this kind have been earned out by Hofmeister, V , 
Landw Ver -Stat , 1873, xvi, 343 Wellman, 0 , Atch ga Physiol , 1908, 
cxxi, 508 Slieiman, H C , Gillett, L H , and Pope, H M , J Biol Chem , 
1918, xxxiv, 373 Sherman, H C , Wheeler, L , and Yates, A B , ibid , 
3S3 

“ We thmk it better to use the word “absorption” foi milking animals, 
and to leserve the term “assimilation” for the eases where the absoibed 
material is actually letained in the body 

Anger, A, Inaugural dissertation, Bonn, 1898 Hart, E B, Mc- 
Collum, E V , and Humphrey, G C , Am J Physiol , 1909, xxiv, 86 
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the calcium content of the mammalian soft tissues is so small that 
the subjects of these experiments often lost in 3 or 4 days more 
calcium than is contained in the whole body of a cow outside of 
her bones and teeth 
Ca 

The ratio in bone is about 2 15 But the average daily 

calcium loss divided by the average daily phosphorus loss m 
Anger’s and in Torbes’ experiments deviates largely from this 
ratio. In Anger’s experiments it is 12 23 ; and m the three sets of 
experiments reported by Forbes^ it is 9.07, 213.00, and 3 62 respec- 
tively. The calcium loss is largely in excess of what it should be 
if the process is sunply a wasting of bone tissue. 

The results are very difficult to reconcile with our results, which 
appear to show that pregnant cows readily absorb enough phos- 
phorus from their food to supply the growing embryo, but that 
they are usually compelled to supply calcium to their offspring 
from their own bones. As many cows are always either pregnant 
or milking, or both, through a large proportion of their lives, 
these results taken together would seem to point to the impossible 
conclusion that the normal milch cow is constantly changing the 
Ca 

— ratio of her body in the direction of more phosphorus and less 

calcium throughout the whole period of her useful life. 

The experiment of Hart, McCollum, and Humphrey has been 
included in this discussion because of the very surprising nature 
of the conclusions to be drawn from it on the supposition that the 
calcium and phosphorus metabolism of cows is not disturbed by 
the collection of their excreta A single milking cow was kept 
for 110 consecutive days on known rations low m calcium, and 
the excreta were collected durmg 25 days of this period so that 
the calcium and phosphorus balances could be followed If it is 
supposed that the results obtained in the collection periods can 
be applied to the whole 110 days, it would follow that during this 
period the cow lost about 25 per cent of all the calcium contained 
in her body and remained very nearly in phosphorus equilibrium. 
We should have to suppose, therefore, either that the composition 
of her bones was profoundly altered, or that 25 per cent of the 
phosphorus lost from the bones along with the calcium was stored 
in the soft tissues. 
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Weiske^’' has studied the bones of a milking goat which was 
kept for 50 days on a low calcium ration. His results show that 
Ca 

the change m the ratio of the bones produced by this treatment 

is negligible And Hart, McCollum, and Fuller^® have furnished 
excellent evidence against the possibility of producing any con- 
siderable changes in the phosphorus content of the mammalian 
soft tissues. It seems to us, therefore, that the experiment of 
Hart, McCollum, and Humphrey^® can best be interpreted by 
supposing that their figures for calcium and phosphorus metab- 
olism during the collection periods are not representative for the 
whole 110 days of the experiment, and that in the intermediate 
periods the cow largely made up the marked calcium deficiency 
produced during the collection periods 

The situation may be summed up as follows There is an 
apparent contradiction between the results obtained regarding 
the calcium and phosphorus balances of growing animals and 
what is known regarding the calcium and phosphorus content 
of the bodies of the same species of animals. There is a similar 
contradiction between results that have been obtained regarding 
the calcium and phosphorus balances of milking animals, and 
results obtained from studying the bones of milking animals. 
Finally, the results which have been obtained regarding the 
calcium and phosphorus balances of milking cows appear to be 
irreconcilable with those which have been obtained regardmg 
those balances in cows toward the end of pregnancy All these 
difficulties would be removed by making the assumption that the 
conditions to which animals have been subjected m balance experi- 
ments are likely to mteifere with calcium absorption. 

We are the more ready to make this assumption, because it is 
in full agreement with recent stnlang scientific evidence m regard 
to the effects of emotional disturbance on the digestive processes 
It has been shown by numerous investigators that comparatively 
mild disagreeable stimuli are capable of producing disturbances 
in the nervous system which may inhibit the secretion of the 

Weiske, H , Z Biol , 1871, vii, 179, 333 

Hart, E B , McCollum, E V , and Fuller, J. G,, Umv. Wisconsin 
Ague Exp. Station, Research Bull 1, 1909 
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digestive juices and the movements of the alimentary tract for 
considerable periods. A good review of the subject with references 
to the literature is given by Cannon.^® 

Our Own Evidence in Regard to Disturbance and Calcium 
Assimilation 

Throughout our own experiments, two 4 day collection periods 
followed each other without any change at all m the experimental 
routine; and in each case, except that of No. 66, the two collection 
periods followed a preliminary 10 day period without any change 
in routine except the introduction of the collection of urine and 
feces. If the collection of urine and feces produced no disturbance 
in metabolism, the metabolic behavior of the cows should have 
been the same in each case in the first of the 4 day collection 
periods as in the immediately following one; and the same, as 
far as it was followed, in the prehminaiy periods as in the collec- 
tion periods. This was not the case. 

It has been our experience that any slight change in the sur- 
roundings of a cow or disturbance of her habits is hkelj- to cause 
a reduction in the amount of water which she wiU drink. The 
water taken by Nos 51 and 63 in the collection periods, March 
3 to 10, m the intermediate period, March 11 to 20, and in the 
collection periods, March 21 to 28, was followed (Table II) . Both 
cows took decidedly more water in the intermediate period than 
in any of the collection periods 

Much more evidence p’omtmg in the same direction can be 
obtained by comparing the metabolic processes of the cows m the 
first collection periods and in the immediately succeeding ones 
But, before discussing this evidence, it must be pointed out that 
certain accidents occurred in the course of the experiments which 
must be taken into account m mterpretmg the results 

No. 63 developed abrasions during the preliminary period, 
February 17 to March 2, and refused to he down during the first 
60 hours of the collection period, March 3 to 6. On the evening 
of March 5, she was provided with a softer bed, and there was 
no trouble after that Further, No. 51 could not be used m 

Cannon, W B , Bodily changes in pam, hunger, fear and rage, New 
York and London, 1915, Chapter I, 1-20 
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the experiment after March 21; No. 66 was unexpectedly substi- 
tuted for her, and went through the two collection periods, March 
21 to 24 and 25 to 28, without any preliminary period in the experi- 
mental surroundings. In her case, therefore, the additional fac- 
tor of new surroundings was added to that of the mere collec- 
tion of urine and feces. 

Table II shows that No. 51 drank more water from March 3 to 

6 than from March 7 to 10; and No. 63, more from March 21 to 24 
than from March 25 to 28. These results suggest that the col- 
lection of urine and feces produced more disturbance during the 
second of the two consecutive 4 day collection periods than during 
the first one. It is true that No. 63 drank more water from March 

7 to 10 than from March 3 to 6; and No 66, more from March 
25 to 28 than from March 21 to 24 But neither of these results 
is really out of harmony with the suggestion indicated above. 
In the case of No 63 an additional disturbing factor was intro- 
duced during the period March 3 to 6 by the fact that the abra- 
sions which had developed on her hips and shoulders prevented her 
from 'lying down. The case of No. 66, on the other hand, may well 
be discarded from the discussion, for, in addition to the fact 
that she had had no preliminary period in the experimental stall, 
the water which she drank on March 21 could not be deterimned. 

The manner in which our cows took their water, therefore, 
suggests that a disturbance was produced by the collection of 
their urine and feces, which was cumulative for a considerable 
period and produced more marked effects in the second 4 days of 
collection than in the first 4. This suggestion is strongly con- 
firmed by a study of the nitrogen, calcium,, and phosphorus 
balances given in Table X, In every case, except that of No 63, 
March 3 to 10, where the exceptional disturbance was accidentally 
introduced in the first 4 days, the assimilation of all three elements 
occurred more rapidly in the first of the 4 day collection periods 
than in the immediately succeeding one. In the case of No 63, 
March 3 to 10, the relations are reversed for all three elements. 

It seems surprising perhaps at first sight that assimilation was 
generally better m the first than in the second 4 day collection 
period. It might have been expected that the cows would be 
more accustomed to the collection of their excreta in the second 
period, and that their assimilative processes would therefore 
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have been more nearly normal But we can see no escape from 
the facts, and the circumstance that the relations are reversed 
in the case of No. 63, March 3 to 10, seems to us decidedly to 
strengthen the case. Steenbock and Hart^® have reported results 
which show how persistent may be the tendency toward a neg- 
ative calcium balance under the conditions of a balance experi- 
ment, and how this tendency may be overcome by a short period 
of relief from these conditions. 

Our results are in agreement with those of past experiments 
in showing that the assimilation of calcium is more quickly and 
more profoundly affected by the experimental procedure than 
that of either phosphorus or nitrogen It has already been 
pointed out that the phosphorus assimilation in Nos 51 and 63 
was about enough on the average to supply the phosphorus 
needed by their growing unborn calves, but that the calcium 
assimilation was never sufficient for this m any smgle period. It 
must be pointed out ^ in addition that the fluctuations in calcium 
assimilation as between the first and second 4 day periods were 
greater both relatively and absolutely m every case than* the 
similar fluctuations for either phosphorus or nitrogen. 

The Effects on Galcium, Phosphorus, and Nitrogen Assimilation 
of Feeding Sodium Phosphate and Alternating the Grain 
and Hay Rations. 

For convenience the rations fed to No. 63, March 3 to 10, and 
to No 66, March 21 to 28, will be called the “experimental 
rations,” while the rations fed to No. 51, March 3 to 10, and to 
No. 63, March 21 to 28, will be called the “control rations ” 

The results indicate that phosphorus assimilation is favored 
by feeding the experimental rations. Although it is clear from 
certain aspects of the results that phosphorus assimilation is 
interfered with by disturbance, and that the cows on the experi- 
mental rations were decidedly more disturbed than those on the 
control rations, nevertheless, the cows fed the expermiental lations 
assimilated phosphorus uniformly more rapidly than the controls 
In regard to calcium assimilation the results are not so consistent 
but on the whole they favor the view that this process also occurs 

Steenbock, H„ and Hart, E B., J. Biol Chem., 1913, xiv, 59 



488 Phosphorus and Calcium Metabolism 

more rapidly in the cows fed the experimental rations It is true 
that the most rapid calcium assimilation occurs in the case of 
No. 51, March 3 to 10, on the control ration But this cow was 
decidedly less disturbed by the experimental conditions than any 
of the others, and she was, m addition, the largest, the most 
robust, and the best milker of the three. All the other results 
are consistent in indicating that calcium assimilation occurs 
more rapidly during the experimental feeding No. 63, for 
instance, was assimilating calcium more rapidly during the 
experimental period, March 3 to 10, than during the control 
period, March 21 to 28, although she was much more disturbed 
by the experimental procedure durmg the first than during the 
second of these periods; and even No. 66, though she was not 
carrying a calf, and was evidently much upset by the double 
disturbance of new surroundings and collection of her urine and 
feces during the period March 21 to 28, nevertheless, assimilated 
calcium more rapidly on the experimental rations during, this 
period than did No. 63 dui’ing the same period on the control 
rations. 

The results appear to indicate that the experimental feeding is 
unfavorable to nitrogen assimilation. But we have kept cows 
for long periods on the experimental rations, and have found 
that they gained weight at least as well and remamed in at least 
as good general condition as others on the control rations (page 
471). We do not think, therefore, that the experimental lations 
are unfavorable to nitrogen assimilation, and we are inclined to 
attribute the reduced nitrogen assimilation of No 63 on these 
rations to the facts that, when on these rations, she was at an 
earlier stage of pregnancy and more disturbed by the experimental 
procedure. That No 66 should have assimilated nitrogen as 
fast as the other two cows is not to be expected, as she was not 
carrying a calf, and the fact that her nitrogen balance was positive 
at all indicates that the experimental feeding is not unfavorable 
to nitrogen assimilation 

Calcium and Phosphorus in Food, Blood, and Urine. 

In Table XII we have brought together our results on mine 
and on blood plasma collected approximately simultaneously. 
The results there given indicate that there is a connection between 
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-the phosphate feeding, the concentration of inorganic phosphorus 
in the blood plasma, and the amount of phosphorus excreted in 
the urine. No. 63, for instance, during the period March 3 to 
10, when she was fed phosphate, had an average concentration of 
about 0 0063 per cent phosphorus in her plasiila and was excreting 
about 0.88 gm. daily in her mine During the period March 
21 to 28, when she received no phosphate, hei plasma phosphorus 
dropped to 0 0052 per cent and her daily urinary- phosphorus 
excretion to about one-ninth of what it was previously. No. 51, 
March 3 to 10, received no phosphate, had a plasma phosphorus 
of about 0 0056 per cent, and was excreting less than 0 1 gm. of 
phosphorus in her daily urine. 

Closer examination of the figures, however, shows that the 
urinary excretion of phosphorus does not depend entirely on the 
concentration of inorganic phosphorus m the plasma No. 66, 
March 21 to 28, for instance, had a decidedly higher plasma phos- 
phorus than either No 51, March 3 to 10, or No. 63, March 21 
to 28, and was, nevertheless, excreting less phosphorus in her daily 
urine. And if the figures given* for No 63 for February 17, 
March 3, and March 11 are examined, it will be found that there 
is an inverse relation between the plasma phosphorus and the 
daily u'rmary phosphorus excietion 

We are inclined to suspect that these disturbances of the rela- 
tion between the concentrations of plasma phosphorus and urinary 
phosphorus were connected with differences in the acid-base 
equilibrium of our animals; but, in the present inadequate state 
of our knowledge, we do not think it worth -while to discuss this 
matter further. 

We obtained wide variations m the amount of calcium excreted 
in the urine, in spite of the fact that all our cows at all times 
received about the same amount of calcium in their rations, and 
that there was little variation in the concentration of calcium in 
their blood plasma. In lookmg for an explanation for these 
variations, we have been struck by the fact that there is an mveise 
relation between the concentrations of urinary calcium and phos- 
phorus in om* experiments, and we think that this circumstance 
has some signifeance. Bertram^ and Rudel"^ have reported 


Hudel, G., Arch, Exp. Path w. Pharmacol,, 1894, sxxiii, 79. 
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results which indicate a tendency toward inverse relationship 
between the calcium and phosphorus of mammalian urine, and 
it IS of course impossible that an alkaline fluid such as average 
cow’s urine could hold much calcium and phosphate m solution 
at the same time. * 

But we do not think it worth while to discuss the mechanism 
of these relationships at the present time The chief value of the 
results which we are considering hes in the demonstration that the 
amount of calcium excreted m the urine is largely independent of 
the concentration of calcium in the blood plasma 

SUMMAEY. 

1. The separate collection of urine and feces by attendants, as 
practiced in balance experiments on cows, produces a nervous 
disturbance in the animals which interferes markedly with the 
assimilation of calcium, and, to a less degree, with that of nitrogen 
and phosphorus. A critical examination of the results of balance 
experiments carried out m the past indicates that, in the great 
majority of instances, the experimental procedure has interfered 
with calcium assimilation. 

2. The assimilation of phosphorus by pregnant cows, and 
probably that of calcium also, is favored by addmg disodium 
phosphate to the gram and feeding the grain and hay of the ration 
on alternate days. 

3 The urinary excretion of phosphorus is markedly influenced 
by the concentration of inorganic phosphorus in the blood plasma. 
But our re'sults show that it is influenced also by another factor, 
which may be connected with the acid-base equilibrium of the 
body. 

4. In our experiments there has been an inverse relation between 
the amounts of calcium and phosphorus excreted in the urine. 
But we have no doubt that this relation is easily disturbed by 
other influences, particularly the relation between the acids and 
bases of the ration. 
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TABI^ I. 


Weights of Cows 


Date 

No 61. 

No 63 

Date 

No 51. 

No. 63 

1019 

Jsg. 

hg 

1919 

hg 

kg 

Feb. 14 

529 5 

478 6 

Mai IS 


462 3 

“ 15 

515 5 

481 4 

“ 19 


461 4 

“ 16 

614 1 

479 1 

“ 20 

550 0 

461 4 

Aveiage 

519 7 

479 7 


544 5 

461 7 

Feb 26 

624 1 

465 5 




« 27 

629 1 

465 9 




“ 28 

525 9 

467 7 




Avrage 

526 4 

466 4 


1 






No 66 


Mai 11 

540 5 

461 4 

Mar 29 

397 7 

481 8 . 

“ 12 

542 7 

460 0 

“ 30 

408 6 

476 8 

, “ 13 

538 0 

481 4 

“ 31 

401.8 

473 6 

Average 

540 6 

460 9 

' * * ! 

402 7 

477 4 
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TABLE II. 

Water Drunk by Cows ’ 


Date 1 

No 61 

No 63. 

Date 

No 51 

No 63, 

1919 


kg 

kg 

1919 

kg 

kg 

Mar. 

3 


19 50 

Mar. 19 

26 62 

20 41 

U 

4 

16 19 

5 10 

“ 20 

21 63 

20 01 

<{ 

5 


12 22 




it 

6 


17 55 




Average 

19 79 

13 59 


23 88 • 

21 07 





No 66 


Mar 

7 

16 92 

20 13 

Mar 21 

Undeter- 
mined t 

16 87 

it 

8 

0 00 

20 07 

“ 22 


16 36 

it 

9 

18 65 

6 38 

“ 23 

13 89 

24 58 

u 

10 

13 55 

23 95 

24 

7 85 

16 84 

Average 

12 28 

17 63 


7 25t 

18 66 

Mar 

11 

13 58 

17 86 

Mar 25 

18 82 

9 07 

it 

12 

31 35 

18 09 

“ 26 

16 78 

27 47 

U 

13 

27 07 

23 22 

‘‘ 27 

13 15 

15 88 

it 

14 

21 94 

20 04 

“ 28 

12 02 

17 97 

it 

15 

26 11 

24 55 




it 

16 

22 96 

21 43 




it 

17 

26 42 

25 46 




it 

18 

21 12 

19 67 




Average 




15 19 

17 60 


The v/ater supplied to the cows was tap water. Samples of it weic 
analyzed for calcium and phosphorus, and it was found to contain 0 9 
mg of calcium per liter, and only a trace of phosphoius The phosphorus 
content was certamly less than 0 005 mg per liter As none of the cows 
ever took as much as 30 liters of water in a day, the calcium and phos- 
phorus which they got from the watei may be disregarded in calculating 
the balances. 

t No 66 had free access to a water trough during the early morning 
of March 21, and m the afternoon she diank 10 55 kg of water 
i Average calculated from w^ater diunk during last 3 days of test 
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TABLE ni 

Feed Offered to Cows * 



No 61 

No 63. 

Date 

Grain 

Alfalfa 

Corn 

Gram 

with 

phosphate t 

Alfalfa 

Com 


phosphate f 

hay 

Silage 

hay 

silage 

1919 

gm 

gm 

gm 

gm 

gm 

gm 

Feb 17 

1,361 

1,814 

13,608 

0 

3,628 


“ 18 

1,361 

1,814 

13,608 

2,722 

0 


" 19 

1,361 

1,814 

13,608 

0 

3,628 


“ 20 

1,361 

1,814 

13,608 

2,722 

0 



Same till Mar. 1. 

Same till Mar 1 

Mar. 1 

1,361 

1,814 

13,608 

0 

3,628 

5,443 

“ 2 

1,361 

1,814 

13,608 

2,722 

0 

10,886 

“ 3 

1,361 

1,814 

13,608 

0 

3,628 

10,886 


Same till Mai. 11 

Same till Mar 11. 

Date 

Gram 

with 

phosphate t 

Alfalfa 

hay 

Corn 

silage 

Gram 
without 
phosphate t 

Alfalfa 

hay 

Com 

silage 

1919 

gm 

gm 

gm 

gm 

gm 

gm 

Mar. 11 

0 

3,628 

13,608 


1,814 

10,886 

“ 12 

2,722 

0 

13,608 


1,814 

10,886 


Same till Mar 21 

Same till Mar 21 


No 66 

No 63 

Date 

Gram 

with 

phosphate t 

Alfalfa 

Com 

Gram 
without 
phosphate t 

Alfalfa 

Com 


hay 

silage 

hay 

silage 

1919 

gm 

gm. 

gm 


gm 

gm 

Mar 21 

0 

3,628 

13,608 




“ 22 


0 

10,886 




" 23 

■D 

3,628 

10,886 


B \m 



Same till Mar 29. 

Same till Mar 29 


* From Jan 31 to Feb 16 inclusive No 51 had received the same ration 
as that given Feb 17 to Mar 11 , No 63, from Feb 3 to 16, the same as 
from Feb 17 to 28, No 66, from Dee. 18, 1917, to Mar 20, 1919. inclusive, 
the same as from Mar. 21 to 28, except that throughout the earlier period 
her daily silage was 13,608 All three cows had eaten satisfactorily 
the rations they received before being put on the eigieriment 

t Gram without phosphate composed of 50 parts of corn and cob meal, 
40 parts of wheat bran, 20 parts of cottonseed meal, and 1 pait of NaCl 
i Grain with phosphate composed of 50 parts of corn and cob meal, 40 
parts of wheat bran, 20 parts of cottonseed meal, 1 part of NaGl, and 10 
parts of Na 2 HP 04 with about 9 molecules of water of ciy^stallization 
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TABLE IV 

Feed Refused by Cows, Totals for Periods * 


Period 

No 61 

No 63 

1910 



Feb 17-Mar 2 

0 

Approximately 900 gm. of 



grain, 100 gm of hay. 



4,000 gm. of silage 

Mar 3-6 

0 

6,237 gm of a mixture of hay 

• 


and silage 

“ 7-10 

0 

Approximately! ,300 gm of 



a mixture of hay and 



silage 

“ 11-20 

0 

Negligible quantities; not 



weighed 


No 66 

No 63 

Mar 21-24 

Approximately 3,000 gm 

Approximately 300 gm of a 


of pieces of cob and stem 

mixture of hay and silage 

“ 25-28 

Approximately 2,500 gm 

Approximately 1,200 gm of 


of pieces of cob and stem 

a mixture of hay and 



silage. 


*The feed refused was, m most cases, dried without being weighed 
There was no object in obtaining its moisture content as it had always lain 
for some time in the manger, and contained, therefoie, a diffeient amount 
of moisture from the feed oiigiiially offered The dried refused feed was 
weighed and analyzed for nitiogen, calcium, and phosphorus (Table VI) 
The figures give a fairly accurate idea of the pioportions of grain, hay, 
and silage contained in the various samples of feed refused 
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TABI/E V. 

Composition of Materials Fed 


Feed 

Water 

Nitrogen 

Calcium 

Phos- 

phorus 



per cent 

per cent 

per cent 

per cent 

Gram with phosphate 

17 59 

2 1036 

0 0650 

1 4727 

“ without “ 

IS 84 

2 1837 

0 0707 

0 7007 

Hay . 

.. 

16 73 

1 8754 

1 3103 

0 2138 


'Mar 3-6 

66 91 

0 3951 

0 1035 

0 0733 

Silage < 

» 7-10 

69 21 

0 3400 

0 0926 

0 0650 

“ 21-24 

69 98 

0 3321 

0 1001 

0 0671 


“ 25-28 

67 45 

0 3102 

0 1037 

0 0686 


TABLE VI 

Nitrogen, Calcium, and Phosphorus in Feed Refused Absolute Quantities 
of Elements m Daily Average Quantities of Feed Refused, 


Cow 

No 

Period 

Nitrogen 

Calcium 

Phos- 

phorus 


ma 

gm 

gm 

gm 

63 

Mar 3-6 ... 

8 99 

3 4975 

1 5328 


“ 7-10 

2 38 

1 0963 

0 4866 


21-24 . 

0 69 

0 3566 

0 0991 


" 25-28. 

2 75 

1 4264 

0 3962 

66 

Mar 21-24 

2 71 


0 6819 


25-28 . . 

1 81 

0 6218 

0 5770 
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TABLE VIII 

Compoaition of Moist Feces 


Period 

No 61 

No 63 

Water 

Nitro- 

gen 

Cal- 

cium 

Phos- 

phorus 

Water 

Nitro- 

gen 

Cal- 

cium 

Phos- 

phorus 

tm 

Mar 3-6 
“ 7-10 

per cent 

85 86 
85 09 

B 

■ 

1 

■ 

1 




No 66 

No 63 

Mar 21-24 
“ 25-28 

83 84 

82 66 

C 


1 

1 

86 19 
85 91 

0 2921 
0 2839 

0 2017 
0 1984 

■ 

Period 

No 51 

No 63, 

Specific 

gravity 

Nitro- 

gen 

Cal- 

cium 

Phos- 

phorus 

Specific 

gravity 

Nitro- 

gen 

Cal- 

cium. 

Phos- 

phorus 

1919 

Mar. 3-6 . 

“ 7-10. 


H 

■ 


1 038 
1 038 

per cent 

1 0832 
1 3196 


per cent 

0 0208 
0 0263 


No 66 

No 63 

Mar 21-24 . 

“ 26-28 

1 042 
1 045 

1 2311 
1 4203 

0 0121 
0 0090 

■ 

1 037 
1 036 

1 0789 
0 9352 

0 0016 
0 0013 

0 0032 
0 0031 
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TABLE X 

Average Daily Intake, Output, and Balance of Nitrogen, Calcium, and 
Phosphorus. 





Calcium 

Phosphorus 

Cow No 

Period 

Food 

Feces 

Urine 

Balance 

Food 

Feces 

Urine 

Balance 

Pood 

Feces 

Urine 

Balance 


1916 

gm 

gm 

gm 



117 50 

38 81 

23 39 

61 

Mar 3-6 

49 87 

34.43 

19 91 



61 78 

0.88 

0 09 



+15 85 

+3 60 

+3 39 



110 01 

37 33 

22 27 

51 

Mar 7-10 

44 81 

35 30 

20 13 

* 


51 16 

0 94 

0 08 



+14 04 

+1 09 

+2 06 



96 66 

32 42 

30 37 

63 

Mar. 3-6 

45 96 

31 48 

26 04 



46 72 

0 03 

0 90 

.... 


+3 98 

+0 91 

+3 43 



97 29 

33 63 

30 51 

63 

Mai 7-10 

48 34 

31 95 

25 89 


43 68 

0 03 

0 87 



+5 27 

+1 65 

+3 75 



98 36 

35 47 

30 99 

66 

Mar 21-24 

43.12 

29 99 

23 67 



51 04 

0 50 

0 08 



+4 20 

+4 98 

+7 34 



94 61 

35 32 

30 85 

66 

Mar, 25-28 

44 21 

37 29 

29 85 



52 75 

0 33 

0 08 


1 

-2 36 

-2 30 

+0 92 



99 20 

35 27 

20 6l 

63 

Mar 21-24 

46 77 

32 29 

16.07 



36 24 

0 05 

0 11 



+16 19 

+2 93 

+4 43 



94 76 

34 59 

20 49 

63 

Mar 25-28 

51.49 

35 98 

1 18 45 



30 62 

0 04 

0 10 



+12 65 

’ -1 43 

+1 94 

1 
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TABUIXI 


Com'position of Blood Samples 


Cow No 

Date 

Total 
blood P 
per 100 
gm 

Blood 

corpuB- 

clea 

Plasma 

PbospboTUs 

Calcium per 100 gip 

Total 

per 

lOu gm 

Lipoid* 

per 

100 gm 
calcu- 
lated 

Inor- 

gamc 

per 

100 gm 

51 

1919 

Feb 17 
Mar. 3 

. “ 

mg 

15 7 
15 9 
15 3 

vol per 
‘ cent 

34 6 
34 1 
32 5 

mg 

9 9 
10 1 

9 6 

mg 

4 9 

4 3 

4 2 


mg. 

Not determined. 

9,5 


Feb. 17 

wm 

38 9 

12 3 

5 2 

7 1 

Not determined 


Mar 3 


41 0 

11 5 

5 3 

6 2 


63 

« 11 

17 4 

40 4 

11 9 

5 4 

65 

9 7 


“ 21 

17 2 

39 4 

96 

4 4 

5 2 

9 6 


“ 29 

17 5 

42 6 

10 3 

5 0 

5 3 

9 5 


Mar. 21 

HI 

40 4 

Em 

6 0 

5 9 

10 1 

66 

» 29 


45 8 

m 

6 1 

6 0 

9 7 


*Lipoid phosphorus calculated by subtractmg inorganic from total 
(Meigs, E B , Blatherwick, N R , and Cary, C A, J. Biol Chevi , 1919, 
xxxvii, 10-17). 
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TABLE Xn 


Calcium and Phosphorus in Urine and Blood Plasma * 




Plasma 

Urine 

Cow No 

Date 

Calcium 

Inor- 

ganic 

phos- 

pnorus 

Calcium 

Phos- 

phorus 

Daily calcium 
excretion 

Daily 

phos- 

phorus 

excre- 

tion 


lBi9 

per cent 

per cent 

per cent 

per cent 

gm 

gm 


Feb. 17 

Not deter- 

niiuMt] 

Not deter- 

rtMlIOM 

Not deter- 

0 0689 





mined 


mmed 


51 

Mar 3 

(C <( 

EH 




0 0907 


“ 11 





■B 



Feb. 17 

Not deter- 

0.0071 

Not deter- 

0 0099 

Not deter- 

0 3817 







mined 



Mar 3 

U (( 


IQQn 

JgjK 


0 8979 

63 

“ 11 





mmm 

0 8706 


“ 21 





0 0643 

0 1093 


“ 29 





0 0423 

0 1006 

66 

Mar. 21 

0 0101 

0 0059 

0 0121 

0 0020 

0 5000 

0 0827 


“ 29 

0 0097 

0 0060 

0 0090 

0 0021 

0 3340 

0 0774 


*In tills table the concentrations of calcium and phosphorus in the 
blood plasma are taken as corresponding to the concentrations in the urine 
of the nearest collection period. For instance, the plasma obtained Mar 
3 IS taken as correspondmg to the urine collected in the period Mar 3-6 ; 
the plasma obtained Mar 11, to the urine collected Mar. 7-10, and so on 
On Feb 17, 18 hour samples of urme were specially collected to compare 
with the blood samples obtained on that date 
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II. THE FAT-SOLtJBLE VITAMINE CONTENT OF ROOTS, 
TOGETHER WITH SOME OBSERVATIONS ON THEIR 
WATER-SOLUBLE VITAMINE CONTENT. 

By H STEENBOCK and E. G GROSS 
With the Coopbbation op M. T Sell 

{From the Laboratory of Agricultural Chemistry, University of Wisconsin, 

Madison ) 

Plate 1 * 

(Received for publication, Octobei 24, 1919 ) 

In the evolution of the modern conception of the dietary needs 
of the body there has come an appreciation of the significance of 
small amounts of those indispensable nutritive factors known as 
vitamines, but unfortunately with this appreciation theie has 
been aroused much apprehension m the minds of many in 
regard to the wisdom of omitting certain foods from the human 
diet for fear of unknowingly reducing the vitamme content of 
the diet to dangerous limits While it is not intended to depre- 
cate the value of discretion in the selection of the ingredients 
of the diet for reasons other than satisfying the requirements of 
palatabihty, good proteins, and mineral elements, it is deemed 
rather unfortunate that conclusions should have been hastily 
drawn and promiscuously applied after only a limited survey of 
the dietary properties of our natm-ally occurrmg foods had been 
made, and especially when such were made with animals about 
which we have no information as to their requu’ements when 
compared with those of man. Taking into consideration the 
apparent limitations imposed on methods of experimental inquiry 
now in use, what seems most desirable above aU else — after the 
development of sufficient theory to serve as a suitable working 
basis — ^is the accumulation of sufi&cient data which may give an 
insight mto the specific comparative nutritive properties of dif- 

* Published with the permission of the Directoi of the Wisconsin Agri- 
cultural Experiment Station 
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ferent foods Such information seems especially called for by 
the great interest shown by dietitians in the occurrence and 
stability of the vitamines. 

It IS now generally recognized that of the substances which 
are collectively known as vitamines there are three distinct kinds; 
namely, the water-soluble or antineuritic vitamine, the fat- 
soluble or antixerophthahnic vitamine, and the antiscorbutic 
vitamine. In the present series of papers it is planned to confine 
the discussion to the fat-soluble vitamine, but incidentally certain 
points of interest in connection with the water-soluble vitamine 
will be mentioned, especially with reference to the determination 
of the amount present so that it could not possibly be a limiting 
factor in the performance of the animals on any of the rations 
which it was desired to test for the relative fat-solublo vitamine 
content. Various phases of the water-soluble vitamine question 
will be pubhshed in another connection. 

' The specific growth-promoting property which is now asso- 
ciated with the occurrence of the fat-soluble vitamine was first 
dissected from different factors, though functioning in a similar 
capacity, when McCollum and Davis^ in 1913, in a study of the 
value of different salt mixtures, observed that in a synthetic 
ration an ether extract of butter or egg yolk had a stimulating 
action on growth which was not possessed by other fats such 
as lard or olive oil. Very shortly thereafter Osborne and Men- 
deP published experiments, some of them of 180 days duration, 
whore it was pointed out that their milk rations had special 
dietary properties not found in their milk-froe lations and that 
this characteristic seemed to be true of rations carrying an 
equivalent amount of butter as well Later® they demonstrated 
in very conclusive experiments, more so than any published up 
to that time, that this property resided in the butter fat Fur- 
thermore, they substantiated McCollum and Davis’ observation 
that egg yolk fat was efficient in this respect and added that 
“some other oils” were no more efficient than lard. In 1914 
Osborne and Mendel^ reported 

^ McCollum, E V , and Davis, M , J, Biol Chem , 1913, xv, 167 

® Osborne, T B., and Mendel, L B,J Biol CAem , 1913, xv, 311. 

2 Osborne, T B , and Mendel, L. B , J Biol Chem , J913-14, xvi, 423. 

* Osborne, T. B , and Mendel, L B , J Biol Chem , 1914, xvii, 402 
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“Wo have likewise oblamed uniform success by subatitutmg cod liver 
oil for a portion of the lard in our standard diets In contra';t 

with this arc the uniformly observed failures of almond oil to restore 
growth when it had ceased on the usual lard food mixtures ” 

It is not intended to give here a resume of the findings of 
others with respect to the occurrence of the fat-soluble vitamine 
in fats, grains, leaves, and other food materials, as that has aheady 
been done in a most excellent manner by Osborne and Mendel^ 
and by Emmett and Luros,® nor do we intend to comment 
extensively as to the merits of the recorded observations. It is, 
however, safe to venture that the tune is not yet ripe to warrant 
general classification of foods into groups rich, poor, and free 
from fat-soluble vitamine as general methods of experimenta- 
tion, especially in reference to vitamine content of the basal 
food ingredients, period of observation, and control of experi- 
mental animals, differ so greatly in different laboratories that 
the conclusions of the different observers are hardly comparable, 
rurthermorc, there is much reason to beheve, as will be brought 
out in later papers, that the variation m the fat-soluble vitamine 
content of naturally occurring food materials, even when har- 
vested at the same stage of development, is tremendous. No 
doubt there lies here the foundation for many interesting corre- 
lations in the functional r 61 e of specific substances m both plant 
and animal kingdoms, the significance of which can scarcely be 
predicted. 

One correlation that has been advanced is- an apparent attempt 
to associate a richness in vitamme content with the occurrence 
of a preponderance of actively functioning cells ^ This deduc- 
tion would seem to lie based on a recogmtion of the great mdis- 
pensiliility of the vitamines for growth and an assumption that 
the vitaiuiiicH are equally indispensable in individual physio- 
logical processes, none the less active, but of a highly specialized 
character. vSulTico it to say that as nothing of the specific 
internal role of vitamines is Imown outside of the pharmaco- 
logical findings of Uhlmann,® who, however, worked with extracts 

O&boiiic, T B , and Mendel, L B , / B\qI Cheni , 1917, xxxii, 309 
« Emmet, A D , and Linos, G O , J Biol Chetn , 1919, xxxvui, 441 
^ McCollum, E V , J" Home Eton , 1918, x, 195 
8 Uhlmann, F , Z. Biol , 1917-18, Ixviii, 419, 457 
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of very complex character, such generalizations appear gratuitous. 
In this connection a high vitamine content of hver tissue, instead 
of bemg due to or associated with its activity as a glandular 
organ, might with equal propriety be assumed on the basis of its 
well known functions as a storage organ, or might possibly be 
attributed to the absorption of substances not indispensable to 
the organ but absorbed due to an mefficiency of the mechanism 
which excludes the entrance of substances in amounts greater 
than the needs as these substances are brought to it in the portal 
circulation. Similarly, the high vitamine content of the kidney 
may be said to be due to the temporary retention of the vita- 
mines as unutihzable amounts of them found in the ration are 
eliminated. 

One thing appears reasonably certain- In the plant kingdom 
the occurrence of the vitamine cannot always be associated with 
a preponderance of actively functioning cells as distinguished from 
those that serve, primarily as storage organs. This is brought 
out in an analysis of our data on the occurrence of the fat-soluble 
vitamine in tubers and roots even though all must be considered 
storage organs for those constituents that are needed by the 
growing plant in the following season.® The sweet potato, as an 
example of the tuber, is rich in this vitamine, while the rutabaga 
and the potato contain relatively little of this constituent. 
Similarly, among the roots carrots contain much of it as has been 
suggested by the work of Denton and Kohman,^® while mangels 
and sugar beets are poor m it. Results will be discussed in 
further detail under the various following experimental headings. 

EXPERIMENTAL. 

The relative amounts of vitamine present m the tubers and 
roots were determined by incorporating various percentages of 
them m a basal rat ration which already satisfied all other nutri- 
tive requu-ements, and which was as free from the vitamines as 
ordinary methods of laboratory manipulation could produce them. 
We have repeatedly demonstrated that the basal constituents of 
our rations were too poor in vitamines to influence in any way 

® Steenbock, H , Science, 1918, xlvii, 119 
Denton, M C , and Kohman, E , J Biol. Chem., 1918, xxxvi, 249 
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the conclusions at which we have arrived, but on the other hand 
we make no claim that very small amounts of some vitamines 
may still not have been present and thus may have influenced 
m degree — though hot in character — failure in maintenance, 
growth, reproduction, and rearing of the young as indicated 
by the experimental rats This will readily be appreciated on 
inspection of the charts in the various groups. ’When failure in 
growth or maintenance resulted and this was suspected as being 
due to a vitamine deficiency thi^ was often incontrovertibly 
established by adding additional water or fat-soluble vitamine 
and noting the result. The water-soluble vitamine was added in 
the form of an alcoholic extract of ether-extracted wheat embryo 
evaporated on dextrin, while the fat-soluble vitamine was added 
as found in butter fat obtained by melting and filtering butter 
fat at a low temperature. The dextrin used was partially dex- 
trinized corn-starch prepared by heating the starch with 0.1 per 
cent citric acid solution m an autoclave for a number of hours and 
then drying and grinding it. The casein was prepared from 
commercial casein by washing it repeatedly with distilled water 
acidified with acetic acid for an entire week and then drying and 
pulverizing it. Salts were incorporated in the rations m the 
form of artificial salt mixtures prepared from purified reagents.^^ 

The salt mixtures used had the following composition, — 


Salt 35 

NaCl . .10 

CaC03 . 1 5 

Salt 1 

NaCl . . . . 0 173 

MgSOi (anhydrous) . . 0 266 

NallaPO^HaO 0 347 

KJTPOi 0 954 

CaHi(PO02H2O - 0 540 

Fe citrate 0 118 

Ca lactate • 1 300 

Salt 32* 

NaCl , . 0 202 

MgSOiCanhydious) 0 311 

Na2HP04l2Ha0 0 526 

K 2 HPO 4 • 1 115 

Ca2H2(P04)2H20 1 116 

Ga lactate 6 289 

Fe citrate 6 1®® 
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When these experiments were initiated no data on the heat 
stability of the fat-soluble vitamine as found in plant materials 
were available. From the work of McCollum and Davis who 
showed that this vitamine was still contained in the yolk of 
hard boiled eggs^® and from the work of Osborne and MendeF® 
on the stability of the vitamine in butter fat the idea was 
generally prevalent that this vitamine was thermostable. We^^ 
did not find this conclusion generally acceptable after we had 
demonstrated to our satisfaction that though the reaction is one 
of slow velocity the fat-soluble vitamine in butter fat is de- 
stroyed by heat It might be mentioned that this observation 
has since been substantiated by Drummond As in the ma- 
terials that we usedj the vitamines are in contact with many 
different compounds and as no data on the stability of the vita- 
mine under these conditions were available we were forced to 
adopt the procedure of carrying out all our drying operations 
at a low temperature wherever possible as the roots had to be 
dried for comminution and' introduction into the ration. Usually 
the roots were dried at room temperature in an air current and 
later over anhydrous calcium chloride. In isolated instances, as 
later noted, it was necessary to use higher temperatures and in 
some instances it was even foimd necessary to cook the roots to 
make them digestible. Later on as our experiments progressed 
we found that the fat-solublo vitamine as found in plant ma- 
terials was very stable to beat^® so that we were able to allow 
ourselves more leeway in the variety of treatments to which the 
materials were subjected. Variations from the regular procedure 
are noted and discussed under the various experimental group.'?. 

Fat-Soluble Vitamine in Carrots 

The roots were washed free from all extraneous material and 
then pulped on a power beet rasp. In this condition they dried 

readily in an air current at room temperature. To secure fine 

* 

12 McCollum, E V , and Davis, M , Proc Soc Exp. Biol and Med , 
1913-U, XI, 101 

1-* Osborne, T B , and Mendel, LB,/. Biol Chem , 19L5, xx, 381 
Steenbock, H , Boutwell, P W , and Kent, HE,/ Biol Chem , 1918, 
XXXV, 517 

1® Drummond, J C., Biochem J , 1919, xiii, .81. 

1® Unpublished data 
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comniiniitioii they were often dried over calcium chloride for a 
few days after which they could readily be ground to an im- 
palpable powder in a ball mill. Usually, however, grinding in 
an Excelsior mill was sufficient to pulverize the pulp to a degree 
which prevented any picking out of the ration by the experi- 
mental animals. With the high sugar content of carrots good 
consumption of a high percentage carrot ration was generally 
secured. They were fed at levels of 5, 10, 15, 25, and 60 per cent 
with and without water-soluble and fat-soluble vitamine additions. 


Chart 1, Lot 163'- 

6^ of dried carrote doee not furnlah enough water-aolubla vlf amine, nor 
enough fat- eoluhle Tltamlne for growth. 



Chakt 1 As seen in the chart when a ration satisfactory in all other 
respects is dependent for its vitamme content on 5 per cent of dried carrot«i 
there results partial failure in the growth performance which is not entirely 
corrected by an addition of water-soluble vitamine in the form of an 
alcoholic extract of ether-extracted wheat embryo This mdicates that 
this amount of dried carrots does not furnish a sufficiency of either the 
water or the fat-soluble vitamme Rat 652 had an attack of xerophthalmia 
after having been on the ration 6 weeks It was, however, but a mild 
attack as later during its 12th week its eyes were m good condition. At 
this time and for 3 weeks previously it was losing weight rapidly which 
appeared to be caused by the msufficiency of water-soluble vitamine as it 
succumbed to an acute attack of polyneuritis Eat 653 was blinded by 
xerophthalmia at the end of the lOthf week, but no irreparable damage 
was done by the acute inflammation and 2 weeks later its eyes were entirely 
normal. We have in this lot an instance where presence of a subnormal 
amount of one vitamme was apparently brought to light by a similar 
situation with respect to another vitamme When the deficiency of the 
water-soluble vitamine was corrected the amount of fat-soluble vitamme 
originally present was able to allow some further growth to result. This 
statement can be made on the basis of results brought out later (Charts 8 
to 34) which mdioate that the amount of fat-soluble vitamine introduced 
With the water-soluble vitamme could not have been responsible for the 
temporary response when this was added. It brings out one of the in- 
numerable instances where a tendency to one nutritive deficiency heightens 
the susceptibility and results in the onset of symptoms resulting from 
similar or other unfavorable environmental conditions 
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Chart Z, Lot 

of carrots supplcmontsd with fat-solahle vitaalne la batter fat oas 
no better for growth than without it ; water-soluble ▼itamlne was the pri» 
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Chart 2 In this lot when the ration was already fortified with ad- 
ditional fat-soluble vitamine in the form of butter fat, while the growth 
performance was not any better than without this addition, the augmented 
rapidity of growth was remarkable when additional water-soluble vitamme 
was added as indicated in Chart 1. This shows— what had been surmised 
—that the primary vitamme deficiency in a ration carrying only 6 per 
cent of dried carrots is due to an maufficiency of the water-soluble vitamine 


• BWt y ; loT m.: 

10^ of oarroto apparentXf furnishod aneugh wator-soluble vitamino as 
there was no reaponae In growth on adding nore. 
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Chart 3 It appeals that a ration carrying 10 per cent of dried carrots 
contams enough water-soluble vitamme to allow considerable growth. 
This IS mferred from the fact that m this lot no response in augmented 
rapidity of growth resulted when more water-soluble vitamme was added 
when it was established that even m a ration carrying 5 per cent of carrots 
the primary deficiency was one of this vitamme Growth here too was 
far from normal, but as the animals remained m fine condition during 
the 20 weeks of experimentation it maybe taken as another instance where 
a ration may not be glarmgly deficient m any one dietary factor, but still 
a suboptimal content of a number of dietetically mdispensable constituents 
may still prevent growth from prooeedmg at the normal rate. 
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Chaet 4 On a ration containing 15 per cent of carrots as the sole 
source of vitamines, rats are able to continue their growth to maturity at 
a rate slightly below that possible on our basal ration when suitably sup- 
plemented. Kat 436, after the ration had been supplemented with an 
additional amount of the fat-soluble vitamme, which had no apparent 
effect on growth, produced a litter of five young While normal in 
weight — they weighed 25 gm. — they failed to be nourished by the mother 
rat and soon succumbed An individual failure of this kind has, how- 
ever, no special significance as regards reproduction. 

Chart 6, IiO-^ 268:- 

Vh«n 16^ of oarrotB ms 8uppX«nented irith additional ‘mtar.Bolubla 
TitomlnB growth generally wae not improTOd and young wore sucoeeefully 
reared. 



Chart 5. 15 per cent of carrots when supplemented with an additional 
amount of the water-soluble vxtamme did not, with one exception, induce 
any better growth than when not so supplemented (Chart 3) Rats 1074 
and 1075 were decidedly stunted They' gave the impression of bemg 
shorter in body length than their weight would normally call for. We 
have never seen this effect occur in rats where normal growth was dis- 
turbed by a lack of vitamines m the diet, but it is a common occurrence 
where stuntmg has resulted from digestive disturbances. That the poor 
growth performance of these animals was not due to a vitamine deficiency 
is distinctly mdicated by the fact that Rats 1073 and 1075 reared five out 
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of the ten young that they pioduced In our experience, the quantity of 
vitammes required by the rat for normal milk production is considerably 
greater than that necessary for normal growth The yomig i eared were, 
however, far from being normal as they did not attain an average weight 
of 45 gm. until they were 65 days old; normally in our stock this weight 
is attamed m less than half that time When weaned, some of the young 
were very much bloated which gave us our first evidence that the analysis, 
attributing the cause of the small size of Rats 1074 and 1075 to digestive 
disturbances rather than to a vitamme deficiency, was probably correct. 



Ghaet 6. Lot 157 offers additional evidence to that already brought 
out in Lot 268, Chart 5, that 15 per cent of carrots mtroduces enough 
water-soluble vitamine into the diet for normal growth requirements and 
even for the rearmg of some young. In fact there must have been a con- 
siderable excess for growth otherwise young could not have been reared 
as conditions in the tract could not be considered normal To a certam 
extent, growth in this lot is better than in Lot 268 where butter fat was 
not added and water-soluble vitamine was added mstead, but it is not 
pronounced enough to be given special significance. 

As in Lot 268 young were reared although only two out of the seven and 
that at approximately the same subnormal rate, the two together weigh- 
ing only ill gm. when 56 days old. In the light of this it is certain that the 
retarded development of the young was not caused by an insufficiency of 
the fat-soluble vitamme. Furthermore, in none of the animals waa 
there ever any indication of xerophthalmia. 
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Chakt 7. As already indicated by the results pictured in Charts 5 
and 6 a high content of carrots in the ration is liable to cause digestive 
disturbances and as a result of difference m the power of resistance to these 
disturbances there is considerable variation m the growth performance of 
different animals. When the amount of carrots is mcreased to 25 per 
cent these differences become still more marked as the disturbances are 
aggravated so that tympanites was regularly observed. 

It IS to be noted that the results obtamed on these carrot rations even 
when carrying but a low percentage of carrots were never entirely satis- 
factory from the atandpomt of normal nutrition. When the carrot con- 
tent was too low, the vitamme deficiency would become evident, and if 
too high or even just high enough for the proper vitamme relations, the 
large amount of fermentable but mdigestible carbohydrate mtroduced 
into the ration would cause digestive disturbances and the resultant 
marked interference with normal growth For this reason it was not 
considered advisable to mtroduce more than 25 per cent of carrots mto 
the ration. In one case where as much as 60 per cent of carrots was fed 
diarrhea and tympanites always resulted and rendered the results difiBcult 
of interpretation. 

By adoptmg such a low level of carrots in the diet that the disturbing 
effects were mmimized, we were able to demonstrate that carrots are 
remarkably rich in the fat-soluble vitamme In spite of growth not 
being entirely satisfactory, this is the only conclusion that can be arrived 
at in view of our findmgs that on as low a level as 15 per cent of carrots 
as the sole source of the fat-soluble vitamme female rats are able to raise 
their young without any mdications of a deficiency. 


Chart 8, Lot 615 :• 

The nater-Boluhle rltamlne preparations from wheat embryt 
any appreolahle amount of the fat-soluhle rltamlne. 
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Chart 8. In experiments where additional water-soluble vitamine 
was added the amount of fat-soluble vitamme added with it was extremely 
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small as brought out by the growth performance of Eats 2456 and 2459 
wheie they received almost three times as much of the preparation as any 
of the other experimental groups. In this group Eat 2458 died from 
xerophthalmia and Eats 2456 and 2459 both had inflamed eyes at the time of 
their death It is not necessary therefore to make any reservations in 
the conclusions so far drawn with respect to the amounts of fat-soluble 
vitamme present m those rations where water-soluble vitamine had also 
been added. 

From our data and from what is known of their antiscorbutic 
properties it appears that the practice of feeding carrots in lieu 
of green materials in vogue by many small animal breeders is 
dietetically justified from the vitamine standpoint alone. It is 
also possible that herein lies experimental justification for the use 
of carrot juice as an adjuvant to the boiled milk diet of children. 

Fat-Soluhle Vitamine in Swedes or Rutabagas. 

The roots used in these experiments were of a pale yellow color 
and of excellent quality They were washed, pulped, and then 
dried in an air current at room temperature and subsequently 
over calcium chloride to facilitate their comminution in our mill- 
ing apparatus When fed, exposure to the air and light had 
bleached them until they were almost void of all yellow color. 



Chart 9. As it is always necessary to msuie a sufficiency of all the 
dietary requirements outside of the unknown which it is desired to deter- 
mine, a diet oontammg 15 per cent of rutabagas suitably supplemented 
with casein and salts was also supplemented with a sufficiency of the fat- 
soluble vitamine as found m butter fat to allow determmation of the 
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Srinount lof water-soluble vitanune present. As is seen in the chart, 
growth was practically normal, furthermore Rat 725 reared her second 
litter of young to weanmg Their growth was not entirely normal, yet 
they averaged 42 gm. in weight when 33 days old which speaks well for the 
nutritive sufficiency of the ration. All the rats were m good condition at 
the time of termination of the experiment, 24 weeks after its inauguration. 


Chart 10. Lot 184:- 

15^ of rutahagae doae not carry sumoient fat-aolUbla TitaaliJa for growth. 
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Ghabt 10 With a sufficiency of the water-soluble vitamme in 15 per 
cent of rutabagas established (Chart 9), it was comparatively an easy 
matter to determme its relative fat-soluble vitamine content Unlike 
carrots (Chart 4) 15 per cent of rutabagas as the sole source of the fat- 
soluble vitamine leads to early indications of its deficiency Rat 735 
became afflicted with xerophthalmia which ultimately, after 12 weeks, 
was the immediate cause of its death Rat 737 likewise contracted xeroph- 
thalmia, but on the addition of fat-soluble vitamme in the form of 
butter fat, the mflammation disappeared rapidly so that no further signs of 
it were noted during the last 6 weeks of the experiment; simultaneously it 
more than maintained its weight and appeared to be m fair nutritive 
condition. Rat 738, while it had not contracted xerophthalmia, improved 
remarkably in appearance after the addition of butter fat to its ration. 
It was short, however, and gave the impression of having been stunted 
not by a nutritive deficiency, but by digestive disturbances. 



Chart 11 When the amount of rutabagas was increased to 25 per 
cent of the ration the demands for fat-soluble vitamme still remamed 
unsatisfied This cannot be mferred from the observed failure of normal 
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growth to result because digestive disturbances attributed to the hemi- 
cellulose variety of carbohydrates complicated the situation just as m 
the case of the carrots. Eat 890 was the only rat that contracted xeroph- 
thalmia Rat 889 was bloated almost continually and ultimately died 
from this condition. We are inclmed to believe that the more pronounced 
tympanites was due to the greater amount of food consumed by this 
animal. If it consumed more food, this would easily explam its more 
pronounced growth as thereby its vitamins mtake was satisfied. In such 
instances as this individual records of food consumption would facilitate 
the interpretation of data. In most mstances, however, accurate con- 
clusions can be arrived at by the law of averages. In the case of Eats 888 
and 891 no tympanites was observed and at the time of their death their 
eyes were perfectly normal 


Chart IS, Lot 183.. 

60 % of rutahagae If it carrloa oufflolent fat-eoluhle vitamlno for growth 
oauBOB too pronounoed dlgeativo dlBturhanooB to give eonolusiTO IndlcaiionB 
tharcof. 
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Chabt 12 Whether sufficient amounts of fat-soluble vitamine to 
satisfy the requirements for growth m the rat can ‘be introduced mto 
the ration with dried rutabagas is difficult of determmation Whenever 
large amounts of the root are mcorporated in the diet digestive disturb- 
ance which appeared even when only 25 per cent of the root was fed became 
so aggravated that normal growth was impossible. At a level of 60 per 
cent it IS noteworthy that while the diet was rendered distmotly unfavor- 
able for growth on account of the persistent tympanites and occasional 
diarrhea no xerophthalmia was observed m any of the animals during 
the 16 weeks of the experimental period. If the rutabagas contamed 
none of the fat-soluble vitamine it was to be eiq^ccted that xerophthalmia 
would have resulted in the presence of these digestive disturbances and 
over such a protracted period. But final conclusions cannot be arrived 
at with these limited data There is no question', however, that if ruta- 
bagas contain any demonstrable amounts of the faW>luble vitamme they 
are not to be considered comparable to those found in carrots 

Fat-Soluhle Vitamine In Dasheem.^’’ 

The dasheens, both corins and roots of medium size and free 
from foreign material, were sliced without peeling and then dried 

The common name of dasheen is taro, and the scientific name Cala- 
dium colocasia. 
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at room temperature in an air current. In this condition they 
could be readily ground to a fine powder and incorporated in the 
ration. No difficulty in securing consumption was observed. 



Chart 13 From the performance of the amipals m this lot there 
remains no question but what dasheens are abundantly supplied with the 
water-soluble vitamme to support long continued growth of the rat. It 
IS true that the observed growth was not what could be considered normal, 
but nevertheless for our purposes a§ comparison the results must be con- 
sidered very satisfactory especially in view of the fact that no rations 
which can be considered synthetic in any sense of the word are entirely 
satisfactory even for growth and certainly not for reproduction and 
rearing of the young. 


Chert 14, Lot 869J- ^ ^ ........ 

ISjf of ram ^aohoono 4 p not furaioh any dooonetrehlo mount* of the fat- 
Boluhle vltamine. 
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Chart 14. In a ration provided with a liberal excess of the water- 
soluble vitamine and all other nutritive factors, outside of the fat-soluble 
vitamme necessary for growth, provided for, 16 per cent of dasheens does 
not take care of this deficiency to allow even the minimum amount of 
growth. Rat 23E9 became blinded by the resultant xerophthalmia but 
the other rats in their miserable condition became infested with hoe, 
making it difficult to ascertam definitely before their death— which followed 
shortly— whether or not the inflamed condition of the eyes was due to the 
fat-soluble vitamine deficiency or to the irritation. Under the conditions. 
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the consistent failure of growth together with the occurrence of one clean- 
cut case of xerophthalmia speaks decisively for a fat-soluble vitamine- 
de:^ciency in this ration 

In several instances attempts were made to feed a higher per- 
centage of dasheens. This resulted in complete failure, but for 
reasons which had hitherto not been appreciated. When raw 
dasheens are fed m liberal amounts it becomes evident that they 
are very difficultly digestible which fact became especially evident 
when the amount was increased to as high a content as 80 per 
cent of the rations. Even though the rations were complete in 
every way the indigestibility of raw dasheen starch prevented 
the rats from even maintaimng themselves. Large quantities of 
the feed were devoured at times and bulky fecal residues were 
eliminated due to the excretion of undigested starch as indicated 
by the iodine potassium iodide reaction. A-utopsy of a number of 
animals indicated that the abdominal distention which had at 
first been taken as due to gaseous fermentation was in reality due 
to an abnormal enlargement of the cecum and large intestine in 
accommodation to the accumulation of the undigested food. 


Ch&rt IS, lot 688. > 

Bren whan the daahaano wore rondarad digeetltle ty cooking, 85.5J( in the 
ration gara no avidenae of a auffloiant fat-aolubia ritamina content. 
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Chart 15 As the indigestibility of the starch piecluded the possi- 
bility of demonstrating the low fat-soluble vitamme content of dasheens 
it became necessary to cook them When cooked, diffioulty m the digesti- 
bility of the staich was no longer observed, but neither was there made 
evident the presence of a fat-soluble vitamme content Viewed in the 
light of results obtained later we are thoroughly convmced that [the 
data are representative of what would have been obtamed on the raw 
dasheens if results had not been obscured by their indigestibility It is 
probable that m spite of their indigestibility when 15 per cent of the raw 
dasheens was fed if they had contamed any demonstrable amount of the 
vitamme it would still have been shown by the growth responses as the 
demonstration of the presence of the water-soluble vitamme was not 
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interfered with by this condition (Chart 13) Furthermore the dasheens 
fed were cooked at a Ipw temperature (5 pounds steam pressure for 20* 
minutes) and weie then dried at room temperature m an air current. 
From what we now know of the stability of the fat-soluble vitainme m 
plant materials the amount destroyed must have been very small if at 
all demonstrable by feeding experiments. If the fat-soluble vitaimne- 
occurs at all in the dasheens it should here have become evident. 

Fat-Soluhle Viiamine %n Red, Beets 

The red beets of medium size were scrubbed thoroughly, then 
sliced,^ and dried in an air current at room temperature. Under 
these conditions and even when kept over anhydrous calcium 
chloride for some weeks they did not dry enough to make it 
possible to grind them. Only by drying them in a thin layer 
for 20 minutes at 90® did they become brittle enough to grind 
and later pulverize to an impalpable powder in a ball mill. 


Chsrt 16, I.ot 666 :> 

15^ of rod beets does not furnish demonetrahle satounte of the ftt-eoluble 
Tltamlne. 
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Chabt 16 In a ration complete in its content of the dietary essentials 
requisite for fairly good growth with the exception of the fat-soluble 
vitamine 15 per cent of red beets does not furnish enough of this vitamine. 
None of the rats grew at the normal rate for even a limited time and one, 
Rat 2344, remained absolutely stationary m body weight. Rats 2345 
and 2347 developed bad cases of xerophthalmia which persisted to the 
time of their death. Rat 2344 died without any specific symptoms of 
vitamine deficiency 
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iMt 17, Lot 699 • 

In a complete ration, the Introduction of 16 % of red heete does not 


auppreee the growth of the animals. 



Chart 17. Proof that the failure of growth in Lot 586, Chart 16, was 
not due to any unfavorable factors m the diet introduced with the 15 per 
cent of red beets is brought out by this lot of animals. When added to a 
complete diet no prejudicial effects were observed It must be remem- 
bered, however, that this evidence is not absolute as in a satisfactory 
ration factors slightly detrimental m action would be obscured by the 
greater powers of resistance of the animal under these conditions. It 
can be safely concluded that red beets are very low in or practically free 
from the fat-soluble vitamine. 

Fat-SolvbU Vitamine in Parsnips. 

The roots were sliced and then dried at room temperature in 
an air current. While fairly dry, they were suflS.ciently hydro- 
scopic to remain tough until dried over calcium chloride; after 
that, they could be readily pulverized. The comminuted prepa- 
ration was of a faint but clear yellow color which appeared to 
have greater permanency than the yellow of the rutabagas which 
as already noted bleached out rapidly. 


Chart 18, lot 691:- 

15^ of paranlpa does not furnish a euffloianey of fat-eolubla rltamina 
for continued growth. 



Chart 18 In two experimental lots of which the record of only 
one, viz 691, which showed the most growth is here reproduced no evi- 








H. Steenbock and E. G. Gross 


519 


dence of a sufl&ciency of the fat-soluble vitamine foi growth was obtained. 
Eat 2760 had a severe attack of indigestion resulting in diarrhea which 
probably,was indicative of an unfavorable character of the carbohydrate 
in the root as demonstrated in the case of the carrot and rutabaga. Rats 
2761, 2762, and 2763 all had inflamed eyes at the time of their dea.th, but 
as the eyes did not become purulent before death we are not positive 
whether we were dealmg with xerophthalmia due to fat-soluble vitamine 
deficiency or not In view of the ultimate failure in the growth perform- 
ance of the rats in two lots, though the ration was initially apparently 
relished by the animals, together with the mcipient eye inflammations we 
believe we are justified in concludmg that parsnips are poor in their fat- 
soluble vitamine content We did not determine whether larger amounts 
might not have been satisfymg in furnishing this vitamine. 


Chart 19, Lot 698 J- " i— 

Ae in the oaae of re4 heote (Chart 17) ISjE- of parsnlpa la a satlafaetory 
ration doee not intorfero with groarth.^ 
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Chart 19. This record makes it positive that failure in Lot 691, 
Chart 18, was not du&to harmful constituents or unpalatable constituents 
in the parsnips as growth was uniformly satisfactory when the ration 
was complete. In the 1st week the average consumption was 39 gm. 
per rat as compared with 40 gm m Lot 691, in the 2nd week S3 gm. as 
compared with 67, and in the 3rd week 64 as compared with 64. These 
records were obtained by means of a special feeding device which it is 
believed gives as satisfactory data of food consumption as it is possible 
to secure with rations of the physical characteristics here employed. 


Fat-Soluhle Vitamine in Potatoes. 

The data on the vitamine content of potatoes here reproduced 
were obtained at various intervals over a considerable period of 
time and of all the records accumulated, only a few have been 
presented to indicate the nature of the problem and to present 
the general trend of the results obtained. 
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The tubers were bought on the open market and were of 
medium size. They were washed free from dirt and then sliced 
without paring Those fed raw were dried at room temperature 
while those fed cooked were autoclaved at 15 pounds pressure 
from 60 to 75 minutes. Generally after cooking they were dried 
in an oven at 90°C. An exception to this procedure is to be 


noted, Chart 24, Lot 719, where they were dried m an air current 



Chabt 20. Potatoes fvirnish us with another instance of the relatively 
large amounts of water-soluble vitamme present in proportion to the 
animal’s requirements for growth. This does not necessarily mean that 
the amount present in their diet is generally much larger than the animal 
requires for its physiological well being— though evidence points in this 
direction— but it does mean that on a diet of lOots the animal is certam 
to feel the need of other constituents before that of the water-soluble 
Vitamme 


Chart 21, Lot 161:- 

Without additional fat-soluhle vltaaine 15^ of raw potatoea will not 
allow growth to continue. 
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Chart 21 When the ration fed to Lot 178, Chart 20, was not provided 
With fat-soluble vitamme m addition to that furnished by the 15 per cent 
of raw potatoes, failure in nutrition results Here again, then, we have 
an instance where, relative to the needs of the animal for growth, a 
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deficiency in the fat-soluble vitamine becomes especially evident. After 
failure to gi’ow had been decisively indicated the ration was changed to 
the extent that five parts of dextrin were leplaced by five of butter fat 
Before the effect of this vitamme addition had become evident the animals 
died, death being directly due to their poor nutritive. condition. 


Chart 22, Lot 242.. 

25^ Of raw potatoes does not furnieb enough fat-soluble ritanlne. 
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Chaet 22 With such amounts of fat-soluble vitamme as are present 
when 25 per cent of the ration is supplied as raw potatoes, the observed 
•growth performance was less than on 16 per cent (Chart 21, Lot 161) 
This IS due to the fact, as was discovered later when large amounts of 
raw potatoes weie fed, that raw potato starch is digested with great 
•diJfficulty by the rat. Therefore, as the amount of potato in the ration 
was increased, such xmpiovement as would result from any additional 
•amoimt of the fat-soluble vitamme present was masked by the imfavorable 
•effect of the decrease m the amount of available energy. There remains, 
however, absolutely no doubt that the failure of contmued mamtenance 
■on this ration was primarily caused by a lack of the fat-soluble vitamine 
as Eats 968, 969, and 971 all contracted xerophthalmia while on the ration 
In the light of what has been said the improvement m the condition 
of the rats when butter fat was added as mdieated on the chart should 
not be accepted without reserve as bemg due to the fat-soluble vitamme 
thereby added. In part the beneficial results are to be attributed also 
to the increased intake m the required amount of energy of which the 
animal was otherwise deprived by the mdigestibihty of the starch. 


Chart 23, Lot 336.. 

eojC of eookod potatoee jnay allow long continued though eubnonnol growth 
Indicating the praeenee of the fat-aolnhle rltaalna. 
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Chaet 23. As when even low percentages of raw potatoes were present 
in the ration there was marked evidence of their indigestibility it 
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obviously was an impossibility to attempt to demonstrate the presence of 
the fat-soluble vitamine in such potatoes Much as we felt disinclined, 
we were forced to cook them to render them digestible. On potatoes so 
treated, much to our surprise, the rats continued to grow for a considerable 
peiiod of time and later maintamed themselves for a period of 23 weeks 
with but 60 per cent of potatoes m the ration as the source of the fat- 
soluble vitamine At the end of this time none of the rats gave signs of 
impendmg nutritive failure 



Chart 24 That much reliance is not to be placed on the general 
occurrence of the fat-soluble vitamme in the potato is brought out in 
this experiment. The potatoes used were from a different lot, but were 
prepared for feeding as those used for Lot 330 with the exception that 
later they were air-dried so that the treatment to which they were sub- 
jected was even milder than that used in the other mstance and therefore 
more of the original vitamme content should have been preserved The 
general miserable condition of these animals testified to the fact that 
even with 19 per cent more of potatoes in the ration as compared with 
Lot 336 there was far less fat-soluble vitamine demonstrable We are 
forced to the conclusion that there is considerable variation in the fat- 
soluble vitamine content of potatoes, a fact the importance of which we 
did not appreciate until similar observations of variations were obtained 
with other plant materials In general it is believed safe to infer that 
potatoes may contain enough of the fat-soluble vitamine for normal 
growth, but generally they can be considered poor in their content of this 
dietary essential. 


FatrSolvMe Vitamine in Mangels. 

The mangels used in these experiments were a variety known 
as sugar mangels which are considered of superior value on ac- 
count of their higher sugar content to the ordinary mangels used 
as fed by.the animal husbandman and so extensively used by the 
Germans for human food during the time of food scarcity in 
1917. They were washed, pulped on a power beet rasp, and then 
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dried m an air current at room temperatm*e. In air-dried con- 
dition they were readily pulverized and incorporated in the 
ration. 



Chaht 25. Unlike carrots, rutabagas, dasheens, potatoes, beets, and 
parsnips 25 per cent of mangels does not furnish the rat with the required 
amount of water-soluble vitamine In an otherwise satisfactory ration 
the lack of water-soluble vitamine was indicated by the failure of the 
animals to grow and in case of Rat 980 by an attack of convulsions char- 
acteristic of polyneuritis which terminated fatally 



Chabt 26 The growth performance of this group of rats on a ration 
different from that of Lot 245, Chart 25, only in that three parts of dextrin 
were replaced by ether-extracted wheat embryo— well known to be rich 
in the water-soluble vitamine — demonstrates that no mistake was made 
in attributing the cause of failure in Lot 245 to a deficiency of the water- 
soluble vitamine. 
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Chart 27, Lot 391 - 

2S^ of mangels does not allow normal growth to occur In a ration others 
wise complete hut for the fat-soluhle vitamins. 
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Chart 27. Besides their poverty m the water-soluble vitamine mangels 
are also deficient in the fat-soluble vitamine as indicated by the results 
of this experunental group Rats 1164, 1166, and 1167 died when m a very 
miserable condition due to a poor nutritive state of the skin The general 
condition of Rat 1165 was no better than the others, but it maintained its 
weight better for the time that the experiment was continued. 

Fai-Soluhle Vitamine in Sugar Beets. 

Sugar beets prepared for feeding by pulping and then drying 
in an air current at room temperature and finally over calcium 
chloride indicated the same general vitamine relations as the 
mangels. 


Chart 28, Lot 244:- 

Sugar heete like mangels ere very poor is water-soluble vitamine ae 
indioated hy failure of growth on this ration carrying 2S$$ of the dried 
roots. 
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Chart 28 Rats 976 and 977 failed to live longet than 8 weeks on a 
ration dependent for the water-soluble vitamine on the amount intro- 
duced with 25 per cent of sugar beets Their death was directly due to this 
deficiency as both died after having shown severe convulsive symptoms 
common m attacks of polyneuritis Rats 978 and 979 did not succumb 
to this deficiency, neither was their growth satisfactory. Such variations 
are merely instances of certain individuals being better able to withstand 
an unfavorable environment 
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Chart 29 , IiBt S92:> 

Vhen the vater-eoluble vltanlne deficieno;/ was oorreotedfgrotvth vae then 
prerentad hy lack of the fat-eoluble rltamlne. 
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Chart 29 The evidence for a fat-soluble vitamine deficienc 7 m a 
ration dependent for this dietary essential on 26 per cent of sugar beets 
was so pronounced that no further experiments to determine were 
inaugurated; Rat 1169 was totally blinded by the xerophthalmia, Rat 1170 
contracted xerophthalmia in one of its eyes before death, and Rat 1171 in 
both eyes. It was only in the case of Rat 1168 that no symptoms of vita- 
mine deficiency outside of failure to grow were observed , 

Fai-SohMe Vitamine in Yellow Sweet Potatoes, 

Next to the Irish potato there is no tuber or root crop which 
enters into the make-up of the human diet to such a large extent 
as the yellow sweet potato, especially when it is m season as its 
poor keeping qualities more than anythmg else has prevented its 
continued use. The favor with which it is received in the 
American home makes a comparison of its dietary properties with 
the Irish potato important. 

The potatoesmsed for most of the following investigations were 
peeled potatoes tha^ had been dried at a temperature of 50-60®G. 
In three instancegf air-dried 'potatoes were fed for purposes of 
comparison. ' , 


Chart 30, Xot 477 ^ ^ . 

15^ of orea-drled mreet potatoes In an othsrwlBe approxlnatsly ritaalne 
free ration does not furnish enough Titaaines for growth. 
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Chart 30. 16 per c«it of sweet potatoes as a source of vitamines 
in the diet of young growmg rats led to a very peculiar rate of mcrease 
in weight. Growth at aye:^y slow rate was continued for 22 weeks durmg 
which there were no signs of polyneuritis or xerophthalmia The form of 
the curve, together with the general body condition of the animal — 
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recorded as good with, the exception of Eat 1908 which was designated 
fair — IS most suggestive of a watei -soluble vitamme deficiency Evi- 
dently there was just enough vitamme present to maintain the animals. 
It remained to establish whether or not at' this level of sweet potato 
feeding a deficiency of the fat-soluble vitamme did occur. 



Ghaut 31 That growth on sweet potato vitammes becomes possible 
is shown when such an amount of sweet potatoes is mtroduced mto the 
ration that it makes up 26 per cent of the total This experimental group 
mdicatea that m the previous lot (Lot 477, Chart 30) failure of growth 
was not primarily due to any unsatisfactory factors introduced mto the 
ration with the potatoes and that therefore it must have been due to a 
lack of vitamme. The performance of this group of animals is rather 
remarkable, not only m the growth responses, but also m the fact that 
one animal. Rat 1914, raised young. She raised three out of a litter of 
five to an average weight of 37 gm in 6 weelcs. Though undersized they 
were m good condition 



Ghaut 32 With the per cent of sweet potatoes mcreased to 60 the 
rate of growth was more nearly what could be considered normal for the 
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rats of our colony But as noted on the chart there occurred numerous 
variations in the weights of the individuals which are mdicative of digestive 
disturbances as often indicated by the bloat observed from time to time. 
That the vitamine requirement for growth must have been generously 
satisfied must be inferred from the record of reproduction. Bat 1916 
raised five out of a litter of six young to an average weight of 48 gm. in 
5 weeks and 4 days, and all of six young from a second litter to an 
average weight of 42 gm m 5 weeks (see Plate 1) The other female, 
Eat 1918, raised two young out of her first litter of six to an average 
weight of 38 gm. in 7 weeks and all of eight young in her third litter to an 
average weight of 61 gm. m 7 weeks and 4 days. The second litter was 
not raised for reasons unknown as they disappeared from the cage a few 
days after birth, evidently havmg been consumed by the mother. There 
certainly is nothing to indicate that the sweet potato cannot be an im- 
portant source of vitamme m the diet None of these animals showed 
any signs of premature senility at 10 months which is further evidence 
of the satisfactormes| of the diet 


Chart 33 , XiOtB 26 B and 476 :'* 

Vhen the water-eoluhle Tttanlne deflclenesr la taken eare er, the high 
content of fat-soluhle TitamlBe in eveet rotatoea heoomea demonetrahXe. 
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Chaet 33 The experimental results of two separate feeding trials 
mdicate that the primary vitamme deficiency in our sweet potato material 
was the water-soluble vitamine deficiency. When this was corrected by 
the addition of an alcoholic extract of ether-extracted wheat embryo 
fairly good growth, together with rearing of the young, became possible. 
Neither the growth of the original lots nor the growth of the offspring 
was normal, but nevertheless the performance was remarkable as growth 
was long continued Bat 1077 in the 19th week developed an edematous 
eye and Eat 1078 an inflamed eye These abnormal conditions were 
temporary and later entirely disappeared They were diagnosed as not 
bemg caused by a fat-soluble vitamme deficiency and, as the attacks 
were not of long duration and were not accompanied by great losses m 
weight, they were taken as being due to trauma. This later appeared 
entirely justifiable in view of the success m reproduction. Eat 1076 
raised four young to an average weight of 59 gm. m 9 w'eeks, and Eats 
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1904 and 1907 five young to an average weight of 44 gm in 7 weeks and 
4 days These must not be taken as instances of satisfactory rearing of 
young, as then rate of development was only approximately one-half 
of what it should be, it was rcmaikable that young were raised at all 


Chart S4« Lot 684 

There lb no danger of introducing danionetrahle amoants of the fat-eoluhle 
vitamine with our water. eoluhle ritamlna preparatione (Chart 6). 


Cm. 

180 

8o| 


HP 

■ 

■ 

e 



n 

Si 

1 


a 

■ 

■ 


on 

■ 

m 


SIR 

SSI 

m. 

9 

■ 

m 

s 

a! 

■■ 

■ 

■ 


■ 

mm 

m 


■ 

m 


K 

a 


4d 


Chart 34. While we had demonstrated once before (Chart S) that 
our water-soluble vitamine preparation contains little if any fat-soluble 
vitamine, the demonstration, on account of the importance of the data 
just discussed, was heie repeated. On a ration containing the alcoholic 
extiact of 20 gm of ether-extracted wheat embryo as the sole possible 
source of the fat-soluble vitamine all the rats succumbed withm 3 months 
and all had infected eyes, although Rat 2732 owed its death directly to 
an abscess on its jaw and Rat 2733 to a pulmonary infection The results 
prove that the growth in Lots 269 and 476, Chart 33, could not possibly 
have been due to the high fat-soluble vitamme content of the water-soluble 
vitamine extract. 


Chart 38, Lot S74:« 

16^ of alr>drlod awest potatoea furnlbbea llttla If any more vitamlnea 
than of oven-drled uvaterlol (Chart 3Q). 
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Chart 35. In spite of the data on the stability of the water-soluble 
vitamine now at hand m the literature, 'it cannot be taken for granted 
that the vitamine is left intact m the process of drying where temperatures 
higher than room temperature are employed The sweet potatoes used 
m this and the following two lots were obtained on the local market. 
They were peeled, then sliced, and dried in an air current at room tem- 
perature. On them, at a level of 15 per cent as the source of vitamines, 
growth was slow and indicated a lack of vitammes as m Lot 477, Chart 30, 
of the oven-dried material 
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Ghaet. 36. 15 per cent of the air-dned sweet potatoes when fortified 
with water-soluble vitamine enables more rapid growth to occur than 
without this addition. The experiment has not yet been concluded, but 
the indications are that the order of magnitude of the vitamine deficiencies 
of a vitamine-free ration having its -wtarnme introduced with small per- 
centages of air-dned sweet potatoes are of the same character as those 
of the oven-dxied material. 


CONOLUSIOlSr. 

From the data of the. present senes of investigations it is seen 
that the vitamine relations in roots may be of a widely differing 
character. With 15 per cent of the diet made up of roots as the 
source of the fat-soIuble vitamine we have in the case of the 
yellow sweet potato and carrot normal gro\yth and even rearing 
of the young made possible, but in the case of the rutabaga, 
dasheen, red beet, jjarsnip, potato, mangel, and sugar beet com- 
plete failure resulted. In fact, in some instances failure at such 
higher levels as were dried — ^25 per cent in the case of the mangel 
and sugar beet and 83 per cent m case of the dasheen — was also 
observed. 

' Likewise^ from the data here presented — which are representa- 
tive of .a large number of experiments — the conclusion seem® 
warranted that tubers and roots are not necessarily to be elassed' 
yyith, food materiafe grossly defident in their fat-soluble vitamine 
content. While in some instances it is true that there is little- 
or no fat-^lubJe vitamine demonstrable, in other instances there 
is enough present to warrant their classification with respect to 
thdr content of this dietary e^ential with leafy materials rather 
than with our cereal grains such as maize, wheat, barley, or oats. 
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It must not be taken for accepted that absolute comparisons 
of the amounts of the vitamine to be found m different plant 
materials are possible as our knowledge of the occurrence of the 
vitamine is too limited At any rate it is probable that not 
until we know something of the function of this vitamine in the 
plant kingdom, or at least know something of its association with 
specific principles or physiological processes that general state- 
ments on the basis of such limited data as here presented will be 
warranted. The danger of drawing conclusions from limited data 
IS brought out graphically in the case of the experiments carried out 
on potatoes In only one out of two instances was the presence 
of the fat-soluble vitamine demonstrated when different samples 
were fed at high levels We believe that this is only one of 
numerous instances of variation in the natural occurrence of 
vitamine which later may be easily understood as their physio- 
logical r61e is appreciated We behove, however, that our general 
conclusions in regard to the especially high fat-soluble vitamine 
content of carrots and yellow sweet potatoes as compared with 
red beets, parsnips, rutabagas, sugar beets, potatoes, mangels, 
and dasheens will not need qualification 

The water-soluble vitamine relations as brought out m our 
experiments are also worthy of some comment In the case of 
the carrot, rutabaga, and dasheen 15 per cent of the material 
furnished enough of this vitamine for growth Of sweet potatoes 
a somewhat larger amount was necessary, but of the sugar beet 
and mangel, even as much as 25 per cent of the ration gave no 
evidence of furnishing this compound. 

In comparing the relative amounts of fat soluble vitamme end 
water-soluble vitamine occurring in the various materials studied 
it is noteworthy that there is no evident relation between them 
as measured by the amount required to enable the rat to grow. 
While in dasheens no fat-soluble vitamine could be demonstrated 
no matter what the amount fed — though 15 per cent furnished 
enough water-soluble vitamine — in carrots on the other hand 
enough of both the fat- and water-soluble vitamine was furnished 
by an amount equivalent to 15 per cent of the ration. Again, in 
mangels and sugar beets both vitamines were present in such 
small amounts, if at all, that they could not be demonstrated 
when fed at a 25 per cent level From the standpoint of plant 
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physiology it is diflScult to surmise just what these relations signify, 
but most certainly it docs not appear justifiable to associate gen- 
erally great physiological activity with an abundance of vitamme. 

Acknowledgments and thanks are due to Dr J. S. Caldwell, 
Dr R. A. Young, and Dr. P. H Dorsett of the Bureau of Plant 
Industry, Washington, D C., for cooperation in the experiments 
to the extent of supplying the authors with dasheens and sweet 
potatoes suitable for these experiments 
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EXPLANATION OF PLATE 1. 

Fig. 1 Rat 1916 was raised on a ration which derived its entire content 
of vitamme, both fat- and water-soluble, from sweet potatoes which made 
up 60 per cent of it (Chart 32) Started on the lation at 45 gm Septem- 
ber 9, 1918, she weighed 215 gm June 9, 1919 As seen from the picture 
she was in excellent nutritive condition just after she had raised the second 
litter of young. 

Fig 2 Two out of the litter of six young all of which were raised by 
Rat 1916 on the 60 per cent sweet potato ration as the source of vitamines. 
When photogiaphed at the age of 5 weeks and 4 days they averaged 53 gm. 
in weight • Though normally on our stock lation they would have weighed 
this 12 days sooner, their performance on this restricted ration is none 
Ihe less remarkable. 




(Steenbock and Gross Fat-soluble ^utamine II ) 




CHEMOTHERAPEUTIC STUDIES ON ORGANIC COM- 
POUNDS CONTAINING MERCURY AND ARSENIC.* 

By GEORGE W RAIZISS, JOHN A. KOLMER, and JOSEPH L. 

GAVRON 

{From the Dermatological Research Laboratories, Philadelphia.) 

(Received foi publication, October 29, 1919 ) 

The valuable properties of mercury compounds in the treat- 
ment of spirochete infections are well known. Prior to the dis- 
covery of the dihydrochloride of diammodioxyarsenobenzene^ 
widely known as salvarsan, mercury compounds were practically 
the only remedies known for syphilis. While the modern therapy 
of syphilis is prim’arily based on the use of salvarsan, metallic mer- 
cury, and its inorganic and organic derivatives remain important 
aids in combating the infection. The elaboration of a mercury 
compound possessing more powerful spirochetocidal properties, 
also less toxicity for the body than any of the known mercury 
compounds, is of great importance. Attempts to synthesize such 
a compound were numerous (1). As yet none of the new organic 
mercury compounds has shown superior properties in the treat- 
ment of syphilis which would make it more useful than any of 
the old mercury preparations employed for years by physicians. 

The researches of DimrOth (2), Pesci (3), Schrauth and Schoell^ 
(4), and others suggest the advisability of dividing organic mer- 
cury compounds m three classes. » 

To one class belong' the full 'comples compounds in which mer- 
cury is attached to carbon of two orgam'o compounds as for 
instance in Pesoi's mercury dibenzoic acid: 

COOH CODE 

V 


* This work was made possible by fubds accruing from the dispensing of 
arsphenamme. 
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Fischer (5) and also Muller, Schoeller, and Schrauth (6) demon- 
strated that mercury compounds of the foregoing type are less 
toxic, but at the same time therapeutically less active than 
any other class. The reason probalily lies in the fact that mer- 
cury is so firmly bound to the carbon atoms as to be almost 
entirely deprived of its metallic properties This view is sup- 
ported by observation that mercmy cannot be split off even when 
these compounds are treated with hydrogen sulfide in boiling hot 
solution. 

To the second group comprising the pseudocomplex com- 
pounds, belong mercury salts of organic acids, also compounds 
where hydrogen of a hydroxyl or amino group is replaced by the 
metal They are characteri7.ed by the ease with which mercury 
is split off by the action of diluted solutions of caustic soda or 
hydrogen sulfide in the cold. 

The last and most important group includes i,he so called half 
complex mercury compounds in which one valence of the metal is 
attached to the carbon atom of the benzene ring and the other 
to an inorganic group such as hydroxyl, halogen, or an acetic acid 
radical. This group is characterized by a comparative stability. 

The firmness with which mercury is bound to the organic com- 
pound is decidedly greater in half complex compounds than m 
pseudocomplex. It varies with different compounds and is prob- 
ably dependent upon the presence of various other groups in the 
benzene ring. 

It is possible that there is relationship between the firmness of 
the position of mercury in the organic compound and the thera- 
peutic or germicidal effect. Such a relationship, however, can 
not yet be established 

Two of the a'lithors, for the past 5 ji-ears, have been engaged 
m a series of chemotherapeutic studies with Dr. Jay Frank Scham- 
berg. Organic mercury compounds were to a considerable extent 
the subject of these investigations The half complex com- 
pounds were thought to be the most suitable for chemotherapeutic 
study and a considerable number were prepared. Their chemical 
and biological properties will be the subject of this and subse- 
quent papers In this commumcation we intend to describe a 
olass of aromatic organic arsenical compounds in which mercury 
was introduced. 
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It appeared to us particularly interesting to synthesize com- 
pounds where both mercury and arsenic were present m the 
molecule, as the combined effect of these elements, we thought, 
might be of greater therapeutic value. Only very few organic 
compounds containing mercury and arsenic have been described 
in the literature. Practically no data about their biological 
properties have been given. 

We prepai'ed mercurial derivatives of various phenylarsmic 
acids. Mercury could not be mtroduced mto aromatic com- 
pounds containing trivalent arsemc, for mstance, in arsphen- 
amine, inasmuch as oxidation occurred almost immediately with 
the resulting formation of metallic mercury 

EXPERIMENTAL. 

S-Nitroarsanihc Aczd-Mermnc Acetate, No. 76. 

10 gm. of 3-nitroarsanihc acid were suspended in about 75 ec. 
of water and dissolved by the addition of 22 cc of 16 per cent 
sodium hydroxide (the amount necessary to form a disodimn salt). 
This was mixed with a solution of 13.0 gm. of mercuric acetate 
dissolved in 70 cc. of water (12.1 gm = 1 mol) containing a little 
acetic acid to prevent the formation of any basic salt. A yellow 
precipitate was thrown down immediately. The whole was 
allowed -fio stand for 48 hours in the cold with vigorous mixing 
from time to time. Then the precipitate was filtered off, washed 
thoroughly with water, then methyl alcohol, and finally with 
ether, and dried in the desiccator over sulfuric acid. 

Yield =* 15.3 gm. = 77 per cent of the theoretical 

Nitrogen Mercury. Areenio 

per cent per cent per cent 

Analysis — Calculated 5.38 38 46 14.42 

Found . . 6 73 38 38 14 52 

These results are in agreement with the following formula; 

AsfOH 

OH 

CH, • COOHg JnOs = CsHsOyNsAsHg 
NHa 
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Properties —A bright yellow powder soluble in very dilute sodium 
hydroxide on warmmg It is slightly soluble m methyl alcohol, insoluble 
m cold or wai m ethyl alcohol, ether, and acetone Soluble in glacial acetic 
acid at ordinary temperature, also in 15 per cent acetic acid on warmmg 
and in 10 per cent hydrochloric acid. 

S-Ntiro~4'Hydroxyphenylarsimc Acid-Mercuric Acetate, No. 95 

10 gm. of 3-nitro-4-hydroxyphenylarsinic acid were dissolved 
using 50 cc. of water and 20 cc. of 15 per cent sodium, hydroxide. 
To the deep yellow solution were added 12.5 gm. of mercuric 
acetate (12 gm = 1 mol) in 65 cc of water and a little acetic 
acid. A yellow precipitate was formed which was insoluble in 
0.5 per cent sodium hydroxide. The whole was heated on a 
water bath for 1^ to 2 hours when a sample dissolved completely 
in 0.5 per cent sodium hydroxide, thereby showing the absence 
of any free mercury ions. After thorough cooling, the precipitate 
was filtered off, washed thoroughly with water, methyl alcohol, 
and ether, and then dried in a desiccator over sulfuric acid 
It may be purified by dissolving in dilute sodium hydroxide 
and reprecipitating with acetic acid. 


Yield = 13,5 gm. = 68 per cent of the theoretical. 



Nitrogen. 

Mercury 

Arsenic 


per cent 

per cent ‘ 

' per cent 

Analysts . — Calculated 

. .2 69 

38 39 

14 40 

Found . . 

(2 61 
\2 82 

38 05 

14 50 


As^OH 




/\^OH 

II I 



1 1 

CHjCOOHgll^^'NOz 

= CbHsOsN AsHg 

• 


OH 


Properties — yeHow powder soluble in dilute sodium hydroxide form- 
ing a yellow solution, msoluble in both cold and warm methyl and ethyl 
alcohol, ether, acetone, and glacial acetic acid 
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S:6‘-Dimtro-4-Hydroxyphenylarstnic ActdrMercuric Acetate, 
No. 126. 


10 gm. of 3;5-dimtro-4-hydroxyphenylarsiiiic acid were dis- 
solved in 10 cc. of methyl alcohol by warming on a water bath. 
12 gm. of mercuric acetate (10 0 gm = 1 mol) were dissolved in 
75 cc. of methyl alcohol with the addition of a few drops of acetic 
acid, and the two solutions mixed in the cold. The mixture was 
warmed on the water bath with a reflux condenser for about 10 
hours until no free mercury ions could be detected by 0.5 per cent 
sodium hydroxide. 

The precipitate was filtered off, washed thoroughly with methyl 
filcohol and then with ether, and dried in the desiccator. 


Yield = 11 0 gm =60 per cent of the theoretical 


Nitrogen Mercury 

per cent per cent 

Analysis, — Calculated. 4 96 35 34 

Found 4 72 35 35 


ArBcmc. 

percent 

13 25 
13 60 


These results correspond with the following formula: 

/^H 

/ VgOOC-CH, 


= GgHTOioNiAsHg 

OH 


Properties —A bright yellow powder only partially soluble in dilute 
sodium hydroxide A pale yellow turbidity persists. It is insoluble in 
methyl and ethyl alcohol, ether, and acetone. 


S-Ainino-4--Hydroxyphenylarstnic Add-Mercuric Acetate, No. 96. 

10 gm. of 3-amino-4r-hydroxyphenylarsinie acid were dissolved 
in 75 cc. of water and 21 cc. of 15 per cent sodium hydroxide at 
room temperature (because warming an alkaline solution of the 
above ammo compound would oxidize it). A dark brown solu- 
tion was thus formed. This was mixed with a solution of 14.0 
gm. of mercuric acetate (13 6 gm. = 1 mol) dissolved in 70 cc. of 
water and a little glacial acetic acid. The mixture was kept 
cooled in ice water. 
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A bght brown precipitate formed immediately. The whole was 
well shaken for about | hour, during which time the color of the 
precipitate gradually darkened. It was filtered off, washed with 
water, methyl alcohol, and ether, and dried in the desiccator. 

It may be purified by dissohdng in dilute sodium hydroxide 
and repreeipitating with acetic acid. 


Yield = 17 5 gm. = 83 per cent of the theoretical 



Nitrogen 
per eetU 

Mercury 

percent 

Arsenic. 
per cent 

■Calculated 

2 85 

40 73 

15 27 

Found 

2 83 

40.60 

. 15.25- 


Asr-OH 
/\ OH 

II 1 



GHsCOOHgll^^'NHj 

= CsHioOeNAsHg 



OH 


Properties, — A brown powder soluble in dilute sodium hydroxide. This** 
solution splits off metallic mercury within a few minutes which is deposited 
as a fine, gray powder It is insoluble m the usual organic solvents, slightly 
soluble in cold glacial acetic acid and also 10 per cent hydrochloric acid. 


S:5-‘Diamino-4-Hydroxyphenylarsinic Actd-Mercunc Acetate, 

No, m. 

10 gm. of 3:5-diamino-4-hydroxyphenylarsimc acid were dis- 
solved in 100 cc. of water and 22 cc. of 15 per cent sodium 
hydroxide, thereby formmg a disodium salt. A brown solution 
was obtamed. This was mixed with a solution of 13 5 gm. of 
mercuric acetate (13.0 gm. = Imol) dissolved in 70 cc. of water 
and a little acetic acid The mixture was kept cold by immers- 
ing in ice water and was vigorously mixed for about | hour, at the- 
end of which time a sample of the precipitate dissolved com- 
pletely in 0 5 per cent sodium hydroxide. The precipitate was 
filtered off, -washed thoroughly with water, methyl alcohol, and 
ether, and dried m the desiccator. 

It may be purified by dissolvmg in 1 per cent sodium hydroxide 
and reprecipitating with dilute acetic acid.-- 
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Yield = 13 gm. = 65 per cent of the theoretical. 


Nitrogen Mercury, 

per cent per cent 

Analysts — Calculated. .5 53 39.53 

Found , . 6 06 38 87 


As' 


/\ 


,^OH 

\OH 


|HgOOC*GH* 


OH 


= CsHuOeNaAsHg 


Aiseme. 

perceMf 

14-82 

14.84 


Properties . — dark brown powder soluble m very dilute sodium hy- 
droxide The solution on standing splits off metallic mercury Insoluble 
in the usual organic solvents Partially soluble in cold glacial acetic acid. 
Soluble m 10 per cent hydrochloric acid 


J^-Carhoxyphenylarsimc Add- or p-Benzarsinic Acid-Mercuric 
Acetate, No. 127. 

^ 10 gm. of p-benzarsimc acid were dissolved in 75 cc. of water 
and 11 0 oc. of 15 per cent sodium hydroxide by warming on the 
water bath. This was mixed at ordinary temperature with a 
solutioh of 13.5 gm. of mercuric acetate (13.0 gm. = 1 mol) in 
70 cc. of water. A white precipitate formed immediately. The 
whole was warmed on the water bath for about 1 hour, when a 
sample of the filtrate no longer showed the presence of mercury 
ions. The precipitate was filtered off, washed thoroughly with 
water, methyl alcohol, and ether, and dried in the desiccator. 


Yield = 13.5 gm = 67 per cent of the theoretical. 


• 

Mercury 
per cent 

Aie«mo. 

pereeni 

Analysis — Calculated . . . 

39 68 

14 88 

Found 

/39 80 
(39. 75 

15.13 

< >HgOOC*GH5 



« CsHgO^AsHg 



COOH 
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Properties — cream-colored powder insoluble in sodium hydroxide, a 
yellow piecipitate being formed Soluble in dilute hydiochloric acid, 
concentrated sodium chloiide solution, and m glacial acetic acid on warm- 
ing, Insoluble in hot or cold methyl or ethyl alcohol, ether, and acetone 


Diacetyl-3 .o-Diamiiio-4-HydroxyphetiylarsiMC Acid-Mercunc 
Acetate, No. 97. 

10 gm. of diacetyl-3. 5-diamino-4-]iydroxyphenylarsimc acid 
were dissolved in 175 ce of methyl alcohol by warming on the 
steam bath. The dark brown solution obtained was mixed in 
the cold with 10 gm. of mercuric acetate (9 6 gm. = 1 mol) dis- 
solved in 60 cc. of methyl alcohol After shaking for about 20 
minutes a dark gray precipitate settled out, which was filtered off 
and washed thoroughly with methyl alcohol and ether, and 
dried in a desiccator 

This compound could not be further purified because of its 
instability. The results obtained for mercury are not quite in 
accord with the assumed formula No other formula could be/ 
suggested. The nitrogen and arsenic values were found to agree 
with the assumed formula. 


Yield = 15 gm =86 per cent of the theoretical. 


Nitrogen. Mercury 

per cent per cent 

Analysis — Calculated. . . .4 75 33 90 

Found 4,65 36.40 


Arsenio 
per cent 

12.71 
13 05 




fou 

'\OH 


CHaCO HN 


iHgOOG-GHs 


OH 


'NH-COCHs 


= Gi2HifiOgN2AsHg 


Properties . — A gray powder soluble m dilute sodium hydroxide forming 
a brown solution This on standing becomes turbid, and finally metallic 
mercury is split off. It is insoluble m the usual organic solvents Partly 
soluble in cold glacial acetic acid 
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3~Bromoarsamhc Acid-Mercuric Acetate, No. 121. 


10 gm. of 3-bromoarsanilic acid were dissolved in 100 ce. of 
water To this were added 18 cc of sodium hydroxide and a 
solution of 11.0 gm of mercuric acetate (10.5 gm. = 1 mol) in 
65 cc. of water and the whole was well mixed After heating on a 
steam bath for about 3 hours, no mercury ions could be detected 
by 0 5 per cent sodium hydroxide. After coolmg, the precipi- 
tate was filtered, washed with water, method alcohol, and ether, 
and then dried in the desiccator. 


Yield = 15 gm =80 per cent of the theoretical 


Nitrogen Mercury, 

par cent per cent 

Analysis . — Calculated . , .2 53 36 10 

Found . . 2 74 36 15 


Arsemc 

percent 

13 54 
13 52 


As^OH 

OH 


CHj • COOHgl 


Br 


\/ 

NHs 


= CsHjOsNBrAsHg 


Properties . — white powder insoluble in the usual organic solvents 
Soluble in dilute sodium hydroxide, warm glacial acetic acid, and 10 per 
cent hydrochloric acid. 


3-Bromooxalylarsaniltc Acid-Mercuric Acetate, No. 122. 

10 gm. of 3-bromooxalylarsanilic acid were dissolved in 150 cc. 
of water and 16 cc. of sodium hydroxide, to which was added 
a solution of 9.5 gm. of mercuric acetate (8.6 gm. = 1 mol) 
dissolved in 60 cc. of water. The mixture was heated on the 
steam bath for about 2 hours when a sample dissolved com- 
pletely in sodium hydroxide The precipitate was filtered, 
washed with water, ethyl alcohol, and ether, and dried in the 
desiccator. 

Yield = 85 gm. = 50 per cent of the theoretical. 

Nitrogen Mercury Arsenic 

per cent per cent per cent 

Analysis — Calculated 2.24 31 95 11 98 

'32 30 
32 37 


Found 2 19 


11.65 
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As^H 
/\ OH 


GH3*COOHg^^'Br‘ 

NH-CO 


= GioHsOsNBrAsHg 


COOH 


Pi operhes — A white powder insoluble in organic solvents and acetone 
Soluble in very dilute sodium hydroxide. If this solution is allowed to 
stand metallic mercury splits off 


Biological Experiments. 


These new compounds were subject to a series of routine 
biological tests for (a) antiseptic and germicidal activity for staph- 
ylococci, Bacillus typhosus, and a spore-bearing microorganism 
Bacillus anthracis, (b) toxicity for white rats, and (c) for trj’’- 
panocidal activity against infections with Trypanosoma equiper- 
dum in white rats. 

Results of Antiseptic or Bacteriostatic Tests. — In conducting 
these tests varying dilutions of solutions of the different com- 
pounds in amounts of 1 cc. were placed in sterile test-tubes and 
further diluted hy the addition of 5 ce. of nutrient broth and 
seeding with 0.5 cc. of filtered, 24 hour broth cultures of the 
respective microorganisms. Each senes of tubes was observed 
over a period of 5 days and the highest final dilution showing 
retardation of growth was recorded as the antiseptic or bacterio- 
static strength of the compound. Subcultures or solid media have 
regularly shown that these antiseptic values do not correspond 
to the germicidal activity inasmuch as \’iable microorganisms 
may be recovered, but the technique is very simple, serves to 
bring out the finer differences in antiseptic values of the different 
compounds, and has proved of much value in former studies with 
compounds of this class for determming their influence upon 
bacterial activity. 

The results of tests with this series of new compounds and 
with mercuric chloride and mercurophen are summarized in 
Table I and have shown the following. 
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1. As a general rule a higher antiseptic activity was displayed 
against staphylococci than Bacillus typhosus. This is partic- 
ularly true of sodium oxy-mercury orthonitrophenolate (mer- 
curophen) as previously described (7) and is apparent with 
several of the new compounds included in this serieS; namely, 
Nos. 76, 95, 97, 121, and 122, Compounds 96 and 125 did not 
show this peculiar and interestmg superior antiseptic activity for 
staphylococci. 

2. Two of these compounds, namely Nos. 97 and 121, have 
also displayed striking antiseptic activity for the bacilli and 
spores of anthrax, which is a distinguishing characteristic of 
mercurophen. 

TABLE I 


Results of Antiseptic or Bacteriostatic Tests of Compounds in a Menstruum 
of Nutrient Broth. 


Substance 

Mercury, 

Hishest antiseptic solution for 

StaphylocoecxK 

avreus 

Bacillus 

typhosus 

Bacillus 

antkracts 

Bichloride Hg. . 

per cent 

74 

1-600,000 

1:360,000 

1:600,000 

Mercurophen 

53 

1.2,400,000 

1:360,000 

>1:2,400,000 

No. 76 

38 3 

1:420,000 

1.180,000 

1:180,000 

“ 95 

38 

1:180,000 

1:42,000 

1:36,000 

“ 96 . 

40 6 

1:60,000 (?) 

1:60,000 

1:54,000 

“ 97 

36 4 

1:420,000 

1.180,000 

>1:2,000,000 

“ 121 

36.1 

1:480,000 

1:180,000 

1:600,000 

“ 122 

32 3 

1:640,000 

1:360,000 

1:180,000 

1:240,000 

1:180,000 

1:120,000 

126 

38.8 


Additional tests with compounds of this series which could be 
pre^red in sufficiently concentrated solutions, have shown that 
a marked reduction in antiseptic activity occurs m the presence 
of large amounts of protein, as when the tests are conducted in a 
menstruum of serum. The results of tests shown in Table II 
were obtained by adding to varying dilutions of the compounds 
in water in amounts of 1 cc. an equal amount of sterile human 
serum and seeding with 0.05 cc, of filtered, 24 hour broth cultures 
of Staphylococcus aureus; the r^ults indicate the highest anti- 
septic or bacteriostatic activities of the various compounds in a 
menstruum of 50 per cent human serum. 
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TABLE II 


Results of Antiseptic oi Bacteriostatic Tests of Compounds in a Mensti hum 
of Human Serum for Staphylococcus auieiis 


Substance 


Mercury 

Highest antiseptic 
solution for 
Staphylococcus aureus 

Bichloride Hg 


per cent 

74 


Mercurophen , . 

- 

53 


No 76 


38 3 


« 96 


40 6 


“ 121 


36 1 


“ 123 


32 3 

1:4,800 

« 125 

• ••• 

38 8 

1:5,400 


Results of Toxicity Tests. — ^These tests were conducted by 
injecting white rats intravenously with varjdng doses of the new 
compounds per kilo of body weight and so prepared that the 
dose for each animal was contained m exactly 1 cc. The injec- 
tions were made in a saphenous vein and at the rate of 1 cc per 
mmute. Following injection the animals were observed for a 
period of 2 weeks. The results of these tests are shown in Table 
III and summarized in Table IV with the inclusion of mercuric 
chloride and mercurophen for purposes of comparison. 

A few compounds were also tested by intramuscular injection 
into the muscles of the thigh of white rats and the results with 
Nos. 96 and 97 are shown in Table V. 

Previous studies in these laboratories with ordinary mercurial 
compounds (8) have shown that toxicity is somewhat propor- 
tional to the content in mercmy and this condition is apparently 
true of these new compounds as judged by the highest tolerated 
doses at the end of a lO day period of observation. An exception 
to this general rule is apparent with mercurophen which is gen- 
erally borne by experimental animals in doses higher than expected 
according to the percentage of mercury present and to which atten- 
tion has been dravm in the investigations previously mentioned (7). 

Results of Trypanocidal Tests — These experiments were con- 
ducted by infecting white rats with approximately known numbers 
(9) of a virulent strain of Trypanosoma equtperdum by intra- 
peritoneal or subcutaneous injection 24 hours before the intra- 
venous injection of the compounds in varying dosage per kilo of 
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TABLE m 


Results of Toxicity Tests hy Intravenous Injection in Rats 


ll 











Pi 

b 







Results in days 

§ 

t 

Name of compound 

I 

1 

s 

A 

a 

s 





6 




ft 

1 

I 

1 


1 

6 

7 

8 

E 

E 

E 

E 

E 

u 



per 

cent 

gm 

mg 


1 

1 


1 










96 

3-Nitro-4-hydroxy- 


79 

10 

D 




H 











phenylarsinic 

38 05 

117 

8 

— 

— 

— 

H 


— 

_ 

— 

— 

— 

— 

— 

— 

— 


acid-mercunc 


78 

4 

— 

— 

D 

1 

1 











acetate 


180 

2 

- 

- 

- 

1 

B 

- 

- 

- 

- 

- 

- 

- 

- 

- 

96 

3-Amiiio-4-hydroxy- 


160 

30 

D 















phenylaisinic 

40 6 

195 

20 

D 















acid-mercunc 


130 

10 

— 

— 

— 

D 












acetate 


185 

6 

- 

- 

- 

- 

- 

- 

~ 

— 

— 

- 

- 

- 

— 

— 

97 

Diacetyl-3 5-di- 


107 

IQ 

— 




— 

D 











ammo-4-hydroxy- 


98 

8 

— 

— 

— 

D 












phenylarsinic acid- 



6 

— 

- 

— 

- 

- 

- 



- 

- 

- 

- 

- 

- 


mercuric acetate. 


m 

2 

— 

— 

— 

— 

— 

— 

— 



— 

— 

— 


— 

121 

3-Bromoarsanilic 



30 

D 















acid-mercuric 



20 

D 















acetate. * 


|m 

iu 

— 

— 

— 

D 














185 

6 

— 

— 

g 

I 

— 

- 

~ 

— 

— 

— 

— 

— 


-• 

122 

3-Bromooxalyl- 


li 

If 

D 


1 

1 












arsanilie acid- 

32 3 


Ki 

D 



1 












mercuric acetate. 



■ ! 

— 

D 

■ 

1 














115 

6 

- 

— 

- 

1 

— 

- 

— 

— 

— 

— 

— 

— 



126 

3 * 5-Diamino-4-hy- 


165 


— 


D 













droxyphenyl- 

38 87 

155 


D 















arsinic acid-mer- 



10 

— 

— 

— 

D 












curie acetate. 


i 

6 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


— 


♦Died 


body weight; each dose was prepai*ed separately and contained in 
1 cc. for each animal. Numerous controls were infected at the 
same time and in the same manner but were not injected with 
the compounds. Following the injections of drugs the blood of 
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TABIJE IV 


Summary of Toxicity Tests by Intravenous Injection in Bats 


Com- 

iKiund 

Name of compoand 

Mer- 

cury 

Highest toler- 
' ated dose per 
kilo 



2 days 

10 days. 



per cent 

mg 

mg 

95 

3-Nitro-4-liydToxyphenylarsinicacid-mercuTic 

38 05 

8 

2-8 


acetate. 




96 

3-Amino-4-hydroxyphenylarsmic acid-mercu- 

40 6 

10 

5 


nc acetate. 


j 


97 

Diacetyl-3 : 5-diammo-4-hydroxyphenylarsmio 

36 4 

10 

6 


aoid-mercuric acetate. 




121 

3-Bromoarsanilic acid-mercuric acetate 

36 15 

10 


122 

3-BromooxalylarsamIic acid-mercuric acetate. 

32 3 

5 

5 

125 

3: 5-Diammo-4-hydroxyphe»ylarsmic acid- 

38 87 

10 

5 


mercuric acetate 




0 

Mercuric chloride. 

74 

6 

3-4 

0 

Mercuropben. 

53 

10 

8 


TABLE V 

Results of Toxicity Tests by Intramuscular Injection in Rats 


4 

V- 









Besultsm days 

Name of compound 

jsS 

SfS 








1 

2 

3 

4 

5 

6 

•7 

8 

9 

E 

11 

12 

13 

14 


S/m 

mg 















3-Ammo-4-hydToxy- 

74 

41 

— 

- 

— 

— 

— 

— 

— 

— 

— 

— 

D 




phenylarsinic acid- 

179 

14 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

mercuric acetate. 


13 

— 

- 

— 

- 

— 

— 

- 

— 

- 

— 

— 

— 

— 

— 


89 

13 

— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 


124 

5 

— 

- 

— 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Diacetyl-3 5-diammo-4- 

134 

24 

_ 

— 



— 


















hydroxj’-phenylarsmic 


22 

- 

- 

- 

- 

- 

- 

- 

D 







acid-mercunc acetate. 


14 

— 

- 

— 

- 

— 

— 

- 

— 

D 







175 

9 

— 

- 

— 

- 

— 

- 

— 

— 

— 

D 






69 

7 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 
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-each, ammal was examined daily for trypanosomes by direct 
microscopical examination until death occurred. 

The results of these therapeutic tests are shown m Tables VI 
and VII. As previous studies have shown (10) mercurial com- 
pounds cannot be given in sufficient dosage to exert more than a 
minor and temporary influence upon experimental trypano- 
somiasis with this strain of trypanosomes and similar results were 
observed with the new compounds herein described. 

TABLE VI. 


Results of Therapeuhc Tests with Trypanosoma equiperdum * 


■Compound 

No 

1 - 

Name of compound 

1 

Weight of 
rat 

Dose per 
kilo 

Besults in days. 

1 * 

2 

3 

4 

5 

6 

7 




gm 

mg 








95 

3-Nitro-4r-hydroxyphenyl- 

1 

iRil 

12 

— 

+ 

+ 


4* 

+ 

D 


arsmic acid-mercuric- 

2 

87 

m 

— 




4- 

4- 

D 


acetate 

3 

84 

8 

D 









4 

86 

6 

— 


+ 


+ 

4- 

D 

96 

3-Ammo-4-hydToxyphenylar- 

5 

145 

8 

_ 


+ 

D 




* 

smxc acid-mercunc acetate. 

6 


4 




+ 

D 





7 

m 

2 

-- 


+ 

+ 

D 



•Coutrols,. 

0 

8 

115 

■ 

Few. 


4- 

+ 

+ 

D 




9 

144 


« 

-h 

+ 

+ 

4- 

4- 

D 



EQ 


B 

IC 


+ 

+ 

+ 

D 




11 


B 

fc 

+ 


+ 

4" 

D 



*Rats infected by intraperitoneal injection of 180,000 trypanosomes 
24 hours before the mtravenous m jection of the drugs. 

< t 

iEntirely different results may be expected in tests with rabbits 
infected with Treponema pallidum and we hope to be able to 
report later on this phase of the problem, when these laborious 
experiments are sufficiently concluded to permit of drawing com- 
parisons and conclusions. 

Further tests conducted with a new technique previously 
described (11), consisting in mixing in t^t-tubes the blood of rats 
showing the presence of very lai^e numbers of these trypano- 
somes with an equal quantity of solutions of the new compounds 
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and testing for trypanocidal activity by injecting portions of the* 
mixture intraperitoneally in rats after standing for varying pe- 
riods of time at 37°C. m a water bath, have shown a high degree 
of trypanocidal aeti\nty on the part of several of these com- 
pounds; the results observed with two of them (Nos. 95 and 97) 
are shown in Table VIII. 


TABLE \T1 


Results of Therapeutic Tests mth Trypanosoma equiperdum * 


Compound 

>.o 


*8 

U 

9 

0* 

Results m days 

Name of compound 

'3'S 

cS 







8i3 

Q 

1 

2 

3 

4 

5 



gm 







95 

3-Nitro-l-hydroxj*phenylarsmic acid- 

185 


Few 

+ 

+ 

+ 

D 


mercuric acetate 

145 


it 

+ 

+ 

D 




m 

1 

2 

tc 

+ 

D 



97 

*Diacetyl-3 • S-diammo-4-hydroxyphe- 


2 

ti 

+ 

+ 

D 



nylarsmic acid-mercunc acetate 

175 

1 

It 


D 





175 

1 

tt 


+ 

D 


121 

3-BiomoarsaniUc acid-mercuric ace- 

M 


a 

+ 

+ 

D 



tate 



tt 

-b 

+ 

D 




185 

1 

u 

+ 

+ 

D 

\ 

\ 

122 

2-Bromooxalylarsamlic acid-mer cun c 


2 

ft 

+ 

D 


1 


acetate 


1 

it 

+ 

*f 

D 

■ 



II 

1 

tt 

+ 


D 


Controls, 



0 

it 

+ 

+ 

+ 

D 





+ 

+ 

D 





175 


d” 

+ 

+ 

D 



*Rats infected by subcutaneous injection of 800,000 trypanosomes 24 
hours before the mtravenous inj'ection of the drugs * 


The technique is quite delicate and serves to show whether or 
not compounds too toxic for administration in sufficient amounts 
to influence experimental trypanosomiasis in living animals 
possess trypanocidal activity as tested by this combined in vitro- 
vivo method. 
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TABI^ VIII 


Results of Trypanocidal Tests with the Combined in Vitro-Vivo Technique. 


Compound 

No 

Name of compound 

*8 

Dose* 




Eesults in days. 




QJ Cd 


1 

2 

3 


6 

D 

7 

8 

9 

i 

15 



gm 

mg 












95 

3-Nitro-4-hydroxy- 

84 


— 

— 

— 

-- 

D 








phenylarsmio acid- 

77 


- 

- 

- 

— 

- 

D 







mercuric acetate 

55 


— 

— 

— 

— 

D 









114 

inIffliKiS 

— 

— 

— 

— 

D 









63 


— 

~ 

- 

— 

- 

- 

- 

— 

- 

- 

- 

97 

Diacetyl-3 * 5-di- 

81 


— 

— 


— 

— 



_ 

— 




ammo-4-hydroxy- 

122 


— 

- 

- 

— 

- 

- 

- 

— 

- 

— 

— 


phenylarsinic 

82 


— 

- 

- 


— 

- 

- 

— 

- 

_ 

— 


acid-mei curie 

102 


— 

— 

— 

— 

— 

— 

— 


— 

— 

— 


acetate 

92 


— 

— 

— 

— 

+ 

4- 

4" 

D 





0 

65 


+ 

+ 

4- 

+ 

4* 

D 






Controls 


62 

mSm 

_ 

H" 


+ 

4- 

D 








60 

■■ 

— 

+ 


+ 

4- 

D 







* Final amount of drug acting upon the trypanosomes contained in the 
blood of rats. 


Conclusions. 

1. The new compounds herein described possess less antibac- 
terial activity than mercuric chloride but are likewise lower in 
content 'of mercury; a number of these compounds have shown a 
particularly increased activity against staphylococci and a few 
against a spore-formmg bacillus, namely Bacillus suhiihs, as 
compared with mercuric chloride 

2. The antibacterial activities of the new compounds tested 

showed a marked reduction m a menstruum rich in serum 
proteins. , 

3. The toxicity of these compounds for white rats bears a 
general relation to their content in mercury. 

4. The new compounds possess trypanocidal activity as tested 
by an in vitro-vivo method but cannot be administered to living 
animals in sufficient amounts to appreciably influence the course 
of experimental trypanosomiasis. 
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Methods of Analysis. 

Nitrogen was determined by the ordinary KJeldahl method. 
In the cases of compounds containing nitro groups the latter were 
first reduced. Mercury and arsenic were determined from the 
same sample. 0.2 gm. was decomposed by 25 cc of concentrated 
sulfuric acid, diluted with water, and the mercury and arsenic 
were precipitated together by hydrogen sulfide. After filtering 
and washing, the arsenic sulfide was dissolved in ammonia and 
the arsenic determined gravimetrically in the usual way as mag- 
nesium pyroarsenate. The mercuric sulfide was washed succes- 
sively with methyl alcohol, carbon bisulfide, and acetone, dried, 
and weighed. The washing with organic solvents, etc. was re- 
peated until the weight of the mercuric sulfide remained constant.^ 

Stability. 

In order to determine the degree of firmness with which the 
mercury was attached to the nuclear carbon, we devised the 
following method. 100 mg. of the compound are dissolved in a 
small quantity of dilute sodium hydroxide m a 25 cc. glass-stop- 
pered cylinder and dilute acetic acid added drop by drop until 
the precipitate, which forms, just barely redissolves. The solu- 
tion is diluted with water up to 25 cc., 5 cc of 5 per cent neutral 
ammonium sulfide are introduced, and the mixture is shaken. 
The time required for the complete precipitation of mercuric 
sulfide is noted If this precipitate does not come down, within 
30 minutes the compound is regarded as being unaffected. The 
mixture is then heated to SO^C. and maintained at this temperature, 
noting the time of the precipitation of mercury. If the result is 
negative after | hour, a new solution of the compound is made 
up and treated this time with hydrogen sulfide, fiifst at ordinary 
temperature, then at 80®C , and finally at its boiling temperature 
if necessary. None of the compounds described in this article 
required treatment with hydrogen sulfide. The results obtained 
are given in Table IX. 

^ This method of analysis was suggested to us by Dr W Jacobs and 
Dr. M Heidelberger for which we take this occasion to express our 
appreciation. 
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TABLE IX 


Compound 

Ammomum sulfide 
in cold 

Ammomum sulfide 
at 80*0 

S-Nitroarsanilie acid-mercuno 
acetate 

Precipitated 

mediately. 

im- 


3-Nitro-4-hydroxyphenyIar- 
smic acid-mercunc acetate. 

Precipitated in 30 
min 


3 6-Duiitro-4-hydroxyphenyl- 
arsinie aoid-mercurie acetate 

! 

Precipitated 

mediately. 

im- 


3-Ainino-4-hydroxyphenylar- 
sinic aeid-mercunc acetate 

Partial precipita- 
tion 

Complete after 10 
min 

3 : 5-Diaitiino-4-hydroxyphenyl- 
arsinic acid-mercuric acetate 

Slight precipitate. 

Complete precipi- 
tation m i hr. 

Diacetyl-3 . 6-diammo-4-hy- 
droxyphenylarsmie acid- 
mereuric acetate. 

Precipitated 

mediately 

im- 


p-Benzarsenic acid-mercunc 
acetate 

t( • 

U 


3-BromoaTsanilic acid-mercu- 
ric acetate 

« 

<c 


3-Bromooxalylarsamlic acid- 
mercunc acetate. 

« 

tt 



SUMMARY. 

1. The presence of the arsenic acid group in the molecule of 
organic compounds described in this paper apparently does not 
interfere with the entrance of the mercury group. The half com- 
plex compounds thus formed are characterized by a comparative 
stability in alkaline solution. The splitting off of metallic mercury 
occurs only m compounds containing an ammo group which has 
also been frequently observed in non-arsenieal compounds. 

2. The process of formation of the organic arsenical mercury 
compounds and their chemical properties do not differ substan- 
tially from organic mercury compounds containing no arsenic 
acid group. 

3. The toxic effect on the animal body as it appeared to us 
is mainly caused by the mercury group. The arsenic acid group 
neither increases nor decreases the toxicity of the compounds. 
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4 To our disappointment, the curative influence of these new 
compounds in experunental tr^^panosomiasis and also the germi- 
cidal effect in vitro were not superior to the ordinary organic 
mereurj’' compounds 

5. As in every other chemotherapeutic investigation the ap- 
parently negative therapeutic results with the compounds herein 
described cannot be accepted as definitely characteristic for the 
arsenical meicmy compounds. Our studies were limited to a 
comparatively small number of compounds and further studies 
might result in the discovery of a powerful trypanocidal or ger- 
micidal containing both mercury and arsenic. 
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